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ABSTRACT
We report 885µm ALMA continuum flux densities for 24 Taurus members spanning the stellar/substellar boundary, with
spectral types from M4 to M7.75. Of the 24 systems, 22 are detected at levels ranging from 1.0–55.6 mJy. The two non-detections
are transition disks, though other transition disks in the sample are detected. Converting ALMA continuum measurements to
masses using standard scaling laws and radiative transfer modeling yields dust mass estimates ranging from ∼0.3–20M⊕. The
dust mass shows a declining trend with central object mass when combined with results from submillimeter surveys of more
massive Taurus members. The substellar disks appear as part of a continuous sequence and not a distinct population. Compared
to older Upper Sco members with similar masses across the substellar limit, the Taurus disks are brighter and more massive. Both
Taurus and Upper Sco populations are consistent with an approximately linear relationship in Mdust to Mstar, although derived
power-law slopes depend strongly upon choices of stellar evolutionary model and dust temperature relation. The median disk
around early M-stars in Taurus contains a comparable amount of mass in small solids as the average amount of heavy elements
in Kepler planetary systems on short-period orbits around M-dwarf stars, with an order of magnitude spread in disk dust mass
about the median value. Assuming a gas:dust ratio of 100:1, only a small number of low-mass stars and brown dwarfs have a
total disk mass amenable to giant planet formation, consistent with the low frequency of giant planets orbiting M-dwarfs.
Keywords: brown dwarfs — protoplanetary disks — stars: formation — stars: low-mass — stars: pre-main
sequence
Corresponding author: K. Ward-Duong
kwardduo@asu.edu
ar
X
iv
:1
71
2.
07
66
9v
1 
 [a
str
o-
ph
.E
P]
  2
0 D
ec
 20
17
2 WARD-DUONG ET AL.
1. INTRODUCTION
Submillimeter and millimeter wavelength observations of
protoplanetary disks provide views into the disk structure,
composition, evolution, and dust grain properties within the
nascent environments of planet formation (see, e.g., Andrews
& Williams 2005, 2007; Birnstiel et al. 2010; Ricci et al.
2010). Given assumptions regarding disk temperature and
spatial extent, and grain properties (e.g., opacity, emissiv-
ity and size distribution), measurements of sub-mm/mm disk
flux density can be translated into dust masses of grains with
sizes similar to the observation wavelength (Beckwith et al.
1990).
By studying the properties of protoplanetary disks in star-
forming regions with known ages, it is possible to use the
abundance of dust and gas content within disks to trace disk
evolution pathways and timescales. However, this is com-
plicated by the dominant mode and scale of star formation,
such as the environmental impacts of high-mass stellar popu-
lations, as within the Orion Molecular Cloud (OMC), or rela-
tively quiescent low-mass environments, like the Taurus star-
forming region. Measurements of disk evolution timescales
and natal environments refine our understanding of forma-
tion mechanisms, and provide context for the history of the
solar system, for which the meteoritic record and isotopic ev-
idence offer important benchmarks on planetesimal growth
timescales and indications of the Sun’s formation environ-
ment (cf. MacPherson et al. 1995; Russell et al. 2006).
Previous surveys have examined stars with M∗ > 0.1M
in a number of diverse star-forming regions, including: Tau-
rus (Andrews & Williams 2005; Andrews et al. 2013), IC348
(Lee et al. 2011), Upper Sco (Mathews et al. 2012; Carpen-
ter et al. 2014; van der Plas et al. 2016; Barenfeld et al.
2016), Lupus (Ansdell et al. 2016), sigma Orionis (Ansdell
et al. 2017), Chamaeleon I (Pascucci et al. 2016), and Orion
(Williams et al. 2013; Eisner et al. 2016). In particular, great
emphasis has been placed on the Taurus star-forming region
given its proximity (∼140 pc) and canonically young age
(∼1-2 Myr, although an older sub-population may extend up
to 20 Myr; Daemgen et al. 2015), which enable detailed stud-
ies of its stellar population. Surveys of Taurus have demon-
strated a correlation of increasing disk mass with stellar mass
(Andrews & Williams 2005; Andrews et al. 2013), suggest-
ing that the mass of the disks in the Class II Taurus population
ranges from ∼0.2%-0.6% of the host mass. With compar-
isons to regions at the older age of Upper Sco, studies have
also shown trends of decreased dust mass for the same stel-
lar masses at later ages (Carpenter et al. 2014; van der Plas
et al. 2016; Barenfeld et al. 2016), and at mid-infrared wave-
lengths, disk studies of the low-mass stellar population with
Spitzer revealed longer-lived excess emission for lower-mass
stellar hosts (Carpenter et al. 2006).
With studies largely focusing on stars with masses >
0.1M, key questions remain as to whether similar disk
mass relations and depletion timescales hold for lower-mass
stars and substellar objects. As the lowest-mass stars ulti-
mately become the bulk of the stellar population by num-
ber – with M-dwarfs comprising ∼75% of the neighboring
field population (Henry et al. 2006; Le´pine 2005) – their disk
properties represent what may be the most common path-
ways of planet formation. For the Taurus star-forming region
that is the subject of this study, previous surveys (e.g., An-
drews et al. 2013) have provided high detection rates around
Class II solar-mass stars, but few detections in the M-star
range (0.1 − 0.6M), and M-star disk detections are lim-
ited to the brightest subset of disks. To probe the full pop-
ulation of disks around low-mass stars and brown dwarfs
in Taurus extending below the upper envelope of disk con-
tinuum emission, more sensitive observations are required
and are the subject of this study. Furthermore, extending
disk measurements across the hydrogen-burning limit is of
significant interest as relatively little is yet known about
the planet populations of the lowest-mass stars and brown
dwarfs. Recent transiting planet searches have revealed in-
triguing systems of low-mass planets orbiting M-dwarf hosts,
including potentially temperate planets around Proxima Cen-
tauri (M5.5V; 0.12M, Anglada-Escude´ et al. 2016) and
LHS1140 (M4.5V; 0.15M, Dittmann et al. 2017), and the
seven planet system of TRAPPIST-1, an ultracool dwarf re-
siding at the stellar/brown dwarf boundary (M8V; 0.08M
Gillon et al. 2017). To provide context for planet-hosting
low-mass stars, investigations into protoplanetary disk hosts
as younger analogues to systems like TRAPPIST-1 illustrate
the early environments and physical processes relevant to
low-mass systems, allowing us to ascertain how their con-
ditions impact the formation of planets.
To understand the diversity and evolution of planet form-
ing environments, and to enable a comparison with the de-
tected exoplanet population, comprehensive studies of disk
properties require a wide range of stellar host masses, ages,
and star-forming environments. Constraining disk properties
for the full population therefore requires traversing the sub-
stellar boundary, and necessitates sensitive observations in a
lower luminosity regime. Long-wavelength observations of
the dust content within low-mass stellar and substellar disks
have become viable with facilities such as the IRAM 30m
telescope, providing some of the initial explorations of brown
dwarf disks (Scholz et al. 2006). The large-program Submil-
limeter Array (SMA) survey by Andrews et al. (2013, with
a 3σ sensitivity limit of 3 mJy), enabled disk detections for
many higher-mass (> 0.1M) members of Taurus, but few
detections of the brightest low-mass stellar and brown dwarf
disks. Recently, studies using the Atacama Large Millime-
ter/submillimeter Array (ALMA) have enabled the measure-
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ment of disk properties for detected brown dwarf disks in
three systems in Taurus (Ricci et al. 2014), seven systems
in Upper Sco (van der Plas et al. 2016), and 11 systems in ρ
Ophiuchus (Testi et al. 2016), providing initial results regard-
ing disk mass deficits for these lower-mass hosts. With the
sensitivity of ALMA for sub-mm/mm detections of brown
dwarf disks, large systematic surveys of disk populations
bridging the gap across the sub-stellar boundary are now pos-
sible.
In this paper, we present new ALMA Cycle 1 885 µm con-
tinuum observations of 24 low mass stars and brown dwarfs
in the Taurus star forming region, which were selected on the
basis of previous Herschel detections at 70µm and 160µm
(Bulger et al. 2014). In Section 2, we describe the sample
and its selection from previous far-infrared Taurus surveys.
Details of the ALMA observations and data reduction proce-
dures are listed in Section 3. Section 4 provides the analysis
methods to process the ALMA data and determine source
flux densities, the results of which are given in Section 5. In
Section 6, we describe the various methods used to estimate
the dust masses of the disks and the central object masses of
the host stars, and discuss these relations in terms of the fea-
sibility and timescale of planet formation. The summary and
conclusions are given in Section 7.
2. SAMPLE
The ALMA target sample consists of 24 Taurus low mass
stars and brown dwarfs with spectral types of M4-M7.75.
The 24 targets represent a subset of Herschel-detected mem-
bers from the 153-object TBOSS (Taurus Boundary of Stel-
lar/Substellar) sample (Bulger et al. 2014) that is a 99% com-
plete sample of M4-L0 Taurus members covering Class I-III
objects. Class I and Class III detections from the TBOSS
survey were not considered for the ALMA study. As shown
in Figure 1, the observed targets span the full range of mea-
sured Herschel PACS (Poglitsch et al. 2010) fluxes so the
sample is not biased to include only the brightest far-IR de-
tections. Of the Class II M4-L0 members observed with Her-
schel, 75% were detected (Bulger et al. 2014)1, making the
Herschel-detection criterion representative of the majority of
the lowest mass Class II Taurus objects. Table 1 lists the ba-
sic information for the ALMA Taurus targets, and the spatial
distribution of the sample is mapped in Figure 2 along with
the full TBOSS sample. While not a selection criterion, the
sample includes seven examples of transition disks, as iden-
tified within previous mid-IR and sub-mm studies, and these
targets and their corresponding references are identified in
the notes of Table 1.
At the age of Taurus, a spectral type of M6.25 is the demar-
cation between stars and brown dwarfs (e.g., Luhman et al.
1 OT1 jpatienc 1
Figure 1. Flux at 70µm from Herschel PACS or Spitzer MIPS ob-
servations of Taurus members as a function of spectral type. Only
detections are plotted. The ALMA sample is indicated with blue
stars. The dashed vertical line denotes the earliest M4 spectral type
of the TBOSS sample and the dotted line is the M6 spectral type
near the stellar/substellar limit. The ALMA sample spans the range
of 70µm fluxes rather than being limited to the upper envelope of
brightest sources.
2005). All spectral types for this sample were determined
spectroscopically and have a typical uncertainty of±0.5 sub-
classes. Studies from the literature providing these spec-
tral type values are the following, compiled by Bulger et al.
(2014): Bricen˜o et al. (2002); Guieu et al. (2006); Kenyon
& Hartmann (1995); Luhman & Rieke (1996); Luhman et al.
(2006); Luhman (2004); Luhman et al. (2009); Martı´n et al.
(2001); Slesnick et al. (2006); and White & Basri (2003).
There are 14 M4-M5 stellar and 10 M6-M7 substellar ob-
jects in the sample. Previous single dish surveys (Andrews &
Williams 2005; Scholz et al. 2006) have reported fewer M4-
M5 sub-mm/mm detections than M6-M7 detections, and the
sample is designed to characterize the transition from stellar
to substellar disk properties with a sensitive ALMA survey.
3. OBSERVATIONS AND DATA REDUCTION
ALMA Band 7 observations were obtained for all targets in
a series of tracks executed between November 2013 and July
2014 during the Cycle 1 Early Science campaign (program
ID 2012.1.00743.S). Among the available ALMA Bands,
Band 7 represented the best compromise between declining
disk flux with wavelength and increasing ALMA sensitiv-
ity with wavelength. For example, ALMA sensitivity is 1.7
times deeper at 1.2mm than 850µm, but brown dwarfs with
detections at both wavelengths are ∼2 - 4.5 times brighter
at 850µm compared to 1.2mm (e.g., Bouy et al. 2008). The
four spectral windows were centered on the following four
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Table 1. Sample table.
Target Other Name 2MASS RA 2MASS Dec SpTy F24 F70 F160 Notes Reference
(J2000) (J2000) (mJy) (mJy) (mJy)
J04144730+2646264 FP Tau 04 14 47.309 +26 46 26.44 M4 143 307 351 Transition (homologously depleted) (1)
J04555605+3036209 XEST 26-062 04 55 56.055 +30 36 20.96 M4 226 330 639
J05075496+2500156 CIDA 12 05 07 54.966 +25 00 15.61 M4 0 51 44
J04385859+2336351 04 38 58.599 +23 36 35.16 M4.25 20 38 76
J04190110+2819420 V410 X-ray 6 04 19 01.106 +28 19 42.05 M4.5 213 445 342 Transition (giant planet-forming) (2)
J04161210+2756385 04 16 12.104 +27 56 38.58 M4.75 51 201 228 Transition (3)
J04322210+1827426 MHO 6 04 32 22.109 +18 27 42.64 M4.75 20.7 107 188 Transition (3)
J04334465+2615005 04 33 44.652 +26 15 00.53 M4.75 108 149 178
J04393364+2359212 04 39 33.645 +23 59 21.23 M5 59 70 44
J04394488+2601527 ITG 15 04 39 44.883 +26 01 52.79 M5 187 272 114 Binary: ρ ∼ 3′′ (4)
J04202555+2700355 04 20 25.554 +27 00 35.55 M5.25 25 107 100 Transition (primordial disk) (3), (1)
J04284263+2714039 04 28 42.635 +27 14 03.91 M5.25 24 20 51 Transition, Binary: ρ ∼ 0′′.63 (2)
J04213459+2701388 04 21 34.599 +27 01 38.85 M5.5 9.6 37 101 Transition (3)
J04181710+2828419 V410 Anon 13 04 18 17.106 +28 28 41.92 M5.75 28 35 <113
J04230607+2801194 04 23 06.073 +28 01 19.49 M6 19 41 38
J04262939+2624137 KPNO 3 04 26 29.392 +26 24 13.79 M6 12.9 23 33
J04292165+2701259 IRAS 04263+2654 04 29 21.653 +27 01 25.95 M6 310 329 176 Binary: ρ ∼ 0′′.2 (5)
J04390163+2336029 04 39 01.631 +23 36 02.99 M6 22 15 <24
J04400067+2358211 04 40 00.676 +23 58 21.17 M6 20 55 52
J04141188+2811535 04 14 11.881 +28 11 53.51 M6.25 36 17 <293 Truncated (3)
J04382134+2609137 GM Tau 04 38 21.340 +26 09 13.74 M6.5 53 36 <35
J04381486+2611399 04 38 14.861 +26 11 39.94 M7.25 73 95 67
J04390396+2544264 CFHT 6 04 39 03.960 +25 44 26.42 M7.25 18 23 <56
J04414825+2534304 04 41 48.250 +25 34 30.50 M7.75 21 37 <122
References for transition disks and binary system identifications. (1) Currie & Sicilia-Aguilar (2011); (2) Cieza et al. (2012); (3) Bulger et al. (2014);
(4) Itoh et al. (1999); (5) Konopacky et al. (2007)
frequencies: 331.8, 333.8, 343.8, and 345.7 GHz, providing
a mean frequency of 338.8 GHz (885µm). Since the cen-
tral goal of the continuum survey was the detection of faint
sources, the correlator was configured to the widest avail-
able setting of 2 GHz for three of the four spectral win-
dows; the fourth spectral window centered on the highest
frequency was configured in the only slightly narrower 1.875
GHz mode to enable a search for 12CO(3-2) emission at a
rest frequency of 345.70599 GHz. The aggregate sensitivity
level across the full band pass was set to reach an RMS noise
level of 0.15 mJy/beam to achieve an order of magnitude im-
provement over previous single dish surveys. The continuum
observations are the subject of this paper, while a companion
paper is focused on the spectral channel observations (van
der Plas et al. 2017, in prep).
The 24 targets were divided into three ALMA Scheduling
Blocks (SBs) based on science goals and proximity on the
sky to ensure target positions within a 10 degree radius. Two
SBs were observed twice (“Taurus2a” and “Taurus2b”), con-
sisting of targets of spectral type M5 and earlier) and one
was observed three times (“Taurus1”, consisting of targets of
spectral type M6 and later), as listed in Table 2. The main
observing sequence consisted of cycling through the Tau-
rus sources and the gain/phase calibrators J0510+1800 and
J0509+1806, depending on the observation. The phase cal-
ibrator J0509+1806 was fainter than expected based on ex-
trapolating archive fluxes from the SMA Observer Center 2,
but was still sufficient for the data analysis. In addition to
the observations of the phase calibrators every∼5-7 minutes,
flux and bandpass calibrators were observed at the beginning
of each track. Table 2 indicates which targets were allo-
cated to each group, the observation dates, on-source time,
the range of baselines, and environmental and system condi-
tions. The time on-source ranged from 5 minutes to 10 min-
utes per target, and the precipitable water vapor (PWV) range
2 http://sma1.sma.hawaii.edu/callist/callist.html
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Table 2. Observations.
Group Obs. UT Dates Antennas Time on Target Baseline Lengths Median PWV Calibrators:
(min) (m) (mm) Flux Bandpass Gain
Taurus1 2013-11-05 31 22:57 17.3 – 1300 0.91 J0238+166 J0423-0120 J0510+1800
2013-11-05 31 31:18 17.3 – 1300 1.13 J0510+180 J0423-0120 J0510+1800
2014-07-26 30 25:59 33.7 – 820.2 0.36 J0238+166 J0510+1800 J0510+1800
Targets: J04141188, J04230607, J04262939, J04292165, J04381486, J04382134, J04390163, J04390396, J04400067, J04414825
Taurus2a 2013-11-19 28 41:43 17.3 – 1300 0.58 J0510+180 J0423-0120 J0509+1806
2014-07-27 33 20:47 24.2 – 820.2 0.5 J0510+180 J0510+1800 J0510+1800
Targets: J04144730, J04161210, J04181710, J04190110, J04202555, J04213459, J04284263, J04322210
Taurus2b 2013-11-17 29 18:45 17.3 – 1300 0.77 J0510+180 J0423-0120 J0509+1806
2014-07-27 33 15:35 24.2 – 820.2 0.36 J0510+180 J0510+1800 J0510+1800
Targets: J04334465, J04385859, J04393364, J04394488, J04555605, J05075496
4h20m4h40m5h
18d
22d
26d
30d
Figure 2. Spatial distribution of the ALMA sample
(open star symbols) compared to the full TBOSS sample
(Bulger et al. 2014, grey circles), overlaid on the extinction
map from Dobashi et al. (2005). The ALMA sample covers many
of the sub-regions in Taurus.
of 0.36 mm–1.13 mm corresponds to 1st–3rd octile condi-
tions for ALMA.
4. DATA ANALYSIS
To convert raw ALMA observations into calibrated mea-
surement sets, calibration and flagging tables derived from
the ALMA Quality Assurance process (Petry et al. 2014)
were re-applied to the raw data in CASA 4.2.2 (Common
Astronomy Software Applications; McMullin et al. 2007).
Minimal additional flagging was performed to remove data
points that were identically zero and had been missed by the
pipeline.
We adopt a uniform approach to continuum imaging all of
the targets within the three SBs in CASA. For each target,
this included aligning the spectral windows between indi-
vidual observations and concatenating the measurement sets,
flagging all channels associated with CO emission as visu-
ally identified from plotting the amplitudes per channel, and
averaging the remaining continuum channels after remov-
ing the CO-dominated channels3. Without flagging the CO
channels, the median line flux for a target contributed ∼1%
additional emission over the full 7.875 GHz bandpass. Ini-
tial cleaned images were produced with natural weighting.
From these images, 22/24 targets were detected, and the cen-
ters of continuum emission in the images were used to de-
fine new pointing centers, which were then applied to phase
shift the measurement set of each target using the visstat
CASA task. These new target coordinates are provided in
3 Example reduction scripts and auxiliary data are available at
https://osf.io/9dyx4.
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Table 3. Updated target positions from this study, and proper motions from Zacharias et al. (2015).
Target J2000 Position (ALMA) Offset from J2000 2MASS µRA µDec Epoch
RA (mas) Dec (mas) mas/yr mas/yr
J04141188 04 14 11.8872 +028 11 52.8848 81.963 -625.2 8±5.3 -26.7±5.3 2013.310
J04144730 04 14 47.3215 +026 46 26.1018 167.398 -338.2 5.1±5.2 -21.6±5.2 2013.424
J04161210 04 16 12.1253 +027 56 38.1025 282.248 -477.5 11±5.2 -29.5±5.2 2013.341
J04181710 04 18 17.1158 +028 28 41.6474 129.213 -272.6 4.7±5.5 -19.7±5.5 2013.108
J04202555 04 20 25.5760 +027 00 35.2819 294.006 -268.1 14.3±5.3 -19.6±5.3 2013.395
J04230607 04 23 06.0891 +028 01 19.1665 213.188 -323.5 13.4±5.2 -23.2±5.2 2013.335
J04262939 04 26 29.4038 +026 24 13.4991 158.536 -290.9 9.3±5.3 -20.4±5.3 2013.248
J04284263 04 28 42.6452 +027 14 03.3013 136.039 -608.7 -5.1±5.2 -11.7±5.2 2013.326
J04292165 04 29 21.6580 +027 01 25.5845 66.811 -365.5 5.5±5.2 -22.7±5.2 2013.342
J04322210 04 32 22.1273 +018 27 42.4070 260.373 -233 13.8±6.3 -16.8±6.3 2013.571
J04334465 04 33 44.6685 +026 15 00.1949 221.976 -335.1 11.2±5.2 -17.3±5.2 2013.499
J04381486 04 38 14.8866 +026 11 39.6288 344.564 -311.2 7.8±10 -17.8±10 2013.856
J04382134 04 38 21.3433 +026 09 13.4528 44.432 -287.2 2.1±5.6 -12.8±5.6 2013.309
J04385859 04 38 58.6108 +023 36 34.8674 162.184 -292.6 11.5±5.5 -19.8±5.5 2013.572
J04390163 04 39 01.6425 +023 36 02.6857 158.072 -304.3 10.7±5.4 -21.2±5.4 2013.681
J04390396 04 39 03.9673 +025 44 26.1032 98.634 -316.8 4.7±5.5 -19.9±5.5 2013.598
J04393364 04 39 33.6491 +023 59 20.9331 56.188 -296.9 4.3±5.4 -20.1±5.4 2013.831
J04394488 04 39 44.8920 +026 01 52.3806 121.305 -409.4 2.9±5.5 -21±5.5 2013.518
J04400067 04 40 00.6799 +023 58 20.7921 53.454 -377.9 3.2±5.5 -23.5±5.5 2013.579
J04414825 04 41 48.2591 +025 34 30.2815 123.126 -218.5 -1.8±6 -9.7±6 2013.737
J04555605 04 55 56.0714 +030 36 20.4410 211.73 -519 6.3±5.1 -30.5±5.1 2013.739
J05075496 05 07 54.9702 +025 00 15.3837 57.095 -226.3 2.3±5.1 -13.3±5.1 2013.609
Table 3, along with the offset from the 2MASS J2000 coordi-
nates, and proper motion values from Zacharias et al. (2015).
The calibrated visibilities were then re-cleaned using natu-
ral, Briggs, and uniform weighting to compare the extracted
flux values for each source. Average CLEAN beam sizes for
the various weighting schemes were 0.′′47 × 0.′′38 (Natural),
0.′′33× 0.′′22 (Uniform), and 0.′′34× 0.′′24 (Briggs).
The imfit task in CASA was used to fit the continuum emis-
sion in the image plane with 2D Gaussians for each of the 22
detections. The phase-shifted measurement sets were also
used to fit the continuum emission in the uv-plane using the
CASA task uvmodelfit, and the output source flux densities
and uncertainties from the CASA tasks for each of the three
weighting schemes in the image plane and uvmodelfit results
are provided in Table 4. A comparison between the image
plane fitting and uv-fitting for the extracted fluxes is shown
in Figure 3. The extracted fluxes agree within 7% on average
for all methods.
For the 8 highest signal-to-noise ratio detections (SNR >
40), we also performed self-calibration, consisting of 2 or 3
rounds of phase-only self-calibration. The number of itera-
tions were determined by repeating self-calibration until the
source residual emission matched the RMS noise level in the
remainder of the field. For the self-calibrated sources, imag-
ing was performed with Briggs weighting with “robust”=0.5.
For the remaining 16 sources with lower SNR, we adopt the
fluxes obtained with natural weighting to maximize sensi-
tivity in the image plane. The self calibration or natural
weighting values from Table 4 are used for the subsequent
analysis in the paper and an additional 10% uncertainty was
added to the uncertainties in Table 4 to account for the ab-
solute flux scaling uncertainty; the ±10% absolute flux un-
certainty dominates over the uncertainties from the measure-
ments given in Table 4.
5. RESULTS
Of the 24 Taurus low mass stars and brown dwarfs ob-
served with ALMA, a total of 21 targets are detected at >8σ
levels above the background, a much higher detection rate
than previous sub-mm/mm brown dwarf disk surveys with
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Figure 3. Flux density derived from CASA imfit routine applied
to the non–self-calibrated continuum maps generated with different
weighting schemes (natural – red, Briggs – blue, uniform – green) as
a function of the flux density derived from CASA uvmodelfit routine
applied to visibilities. Errorbars shown are 3σ uncertainties. The
results are consistent, with an average difference of 7%.
less sensitive instruments (e.g., Scholz et al. 2006). There
is one marginal detection for J0414+2811 with SNR∼3 in
the cleaned image using Briggs weighting and SNR∼5 in the
cleaned image using natural weighting (this source was unde-
tected with uniform weighting). Two sources – J0419+2819
(V410 X-ray 6) and J0421+2701 – are not detected. The flux
densities of the detections range from 1.0 to 55.7 mJy. The
non-detections have 3σ upper limits of 0.27 mJy/beam for
J04190110 and 0.29 mJy/beam for J04213459 based on the
rms noise level in the map generated with natural weighting.
The ALMA 885µm flux densities are plotted against the
selection criterion of the Herschel 70µm flux densities in
Figure 4. Although the detection of 70µm emission is well
correlated with an ALMA 885µm detection, there is approx-
imately an order of magnitude scatter in the 885µm flux den-
sity for a given 70µm level. The two 885µm upper limits
are also not restricted to the faintest 70µm sources. There
is no qualitative distinction in distributions of ALMA flux
densities between the stellar M4-M5 and substellar M6-M7
populations. The transition disks identified by several stud-
ies (Currie & Sicilia-Aguilar 2011; Cieza et al. 2012; Bul-
ger et al. 2014) are labeled in Figure 6. The transition disk
flux densities from our ALMA study span the range of mea-
sured flux values for the full ALMA TBOSS sample, and
they are not associated with lower 885µm emission. Previ-
ous disk surveys have noted that transition disks can have
bright submm detections (e.g., Ansdell et al. 2016; Andrews
et al. 2013).
The ALMA results form one of the largest sets of sub-mm
detections of low mass objects to-date and define the lower
101 102
Herschel PACS F70µm (mJy)
10−1
100
101
102
A
L
M
A
F 8
85
µ
m
(m
Jy
)
M4-M5.75
M6-M7.75
Figure 4. Measurements and upper limits at 885µm from ALMA
as a function of Herschel measurements at 70µm for each source in
the sample. The M4-M5.75 subset is shown as blue circles and the
M6-M7 subset is plotted as red stars.
boundary of the detected flux densities as a function of spec-
tral type for Taurus. Figure 5 plots the Class II Taurus mem-
bers with 850µm or 890µm detections. The faintest brown
dwarf disks are a factor of ∼500 dimmer than the brightest
disks around early K-stars. Despite the large difference in the
typical level of emission, both the earlier and later spectral
types exhibit a considerable dispersion of at least a factor of
10 about the average value. This large dispersion appears to
be a universal characteristic of disk populations and is seen
in surveys of a number of other regions such as Upper Sco
(Barenfeld et al. 2016), Lupus (Ansdell et al. 2016), and Cha
I (Pascucci et al. 2016).
Among the ALMA-observed TBOSS targets in this sam-
ple, three are known binaries (Itoh et al. 1999; Konopacky
et al. 2007; Kraus et al. 2012), two are previously identified
as binary candidates (Kraus et al. 2012), and a target within
our sample also shows a 885µm detection from a secondary
source unassociated with any previously identified compan-
ions or candidates. Separations of the components are listed
in Table 5. For the binary with a separation less than the
beam size – J04292165 – the continuum emission detection
cannot be divided into primary and secondary disks, though
the emission appears slightly extended and follow-up higher
resolution mapping would determine the relative contribu-
tions from each component of the binary system. The to-
tal flux density is reported in Table 4 for this system. Two
targets – J04284263 and J04394488 – are binaries with sep-
arations greater than the beam size. The subarcsecond pair
J04284263 is not spatially resolved in the ALMA map in
Figure 7, while the ∼3′′ pair J04394488 exhibits clear emis-
sion from both components. For the system J04181710, a
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Table 4. Measured flux density values for the 24 targets in this sample, with the spectral types and corresponding estimated effective temper-
atures, luminosities, and masses for the central objects. SC corresponds to sources for which self-calibration has been performed, and upper
limits denote 3 × the RMS in the residual image.
Teff logL∗ M∗(B15) Natural Weighting Briggs Weighting Uniform Weighting uvmodelfit
† Note
Target SpTy (K) (L) (M) Flux (mJy) Flux (mJy) Flux (mJy) Flux (mJy)
J04292165 M6 2858 -1.566 0.058 7.35±0.19 7.21±0.34 6.98±0.38 7.28±0.22
J04141188 M6.25 2836 -1.628 0.053 1.06±0.21 0.71±0.20 ≤0.55 1.25±0.30
J04230607 M6 2858 -1.566 0.058 5.94±0.24 5.68±0.35 5.7±0.4 6.36±0.23
J04262939 M6 2858 -1.566 0.058 5.4±0.13 5.7±0.22 5.58±0.25 5.61±0.15
J04381486 M7.25 2747 -1.881 0.035 1.36±0.11 1.66±0.24 1.62±0.30 1.57±0.16
J04382134 M6.5 2814 -1.689 0.048 2.8±0.12 2.62±0.18 2.62±0.21 2.75±0.15
J04390163 M6 2858 -1.566 0.058 1.3±0.16 1.13±0.26 1.48±0.59 1.73±0.26
J04390396 M7.25 2747 -1.881 0.035 2.46±0.13 2.33±0.21 2.23±0.23 2.28±0.15
J04400067 M6 2858 -1.566 0.058 9.74±0.25 7.81±0.21 7.84±0.23 7.93±0.15 SC
J04414825 M7.75 2696 -2.02 0.028 3.41±0.14 3.34±0.22 3.45±0.26 3.52±0.16
J04144730 M4 3191 -0.701 0.199 18.68±0.26 15.03±0.50 15.05±0.58 14.96±0.19 SC
J04161210 M4.75 3027 -0.959 0.135 5.71±0.17 5.47±0.30 5.38±0.38 5.84±0.19
J04181710 M5.75 2883 -1.488 0.053 1.35±0.16 1.18±0.21 1.14±0.24 1.51±0.19
J04202555 M5.25 2943 -1.15 0.101 18.31±0.27 14.43±0.40 14.21±0.44 15.32±0.19 SC
J04284263 M5.25 2943 -1.15 0.101 1.53±0.14 1.67±0.24 1.76±0.31 1.89±0.23
J04322210 M4.75 3027 -0.959 0.135 55.65±0.54 48.28±0.75 48.4±0.85 47.77±0.23 SC
J04334465 M4.75 3027 -0.959 0.135 40.25±0.37 35.18±0.68 35.18±0.71 36.33±0.23 SC
J04385859 M4.25 3133 -0.777 0.177 30.00±0.30 26.75±0.45 26.56±0.49 28.29±0.22 SC
J04393364 M5 2982 -1.056 0.117 9.46±0.25 8.09±0.23 8.19±0.27 7.97±0.16 SC
J04394488 M5 2982 -1.056 0.117 11.26±0.27 9.01±0.25 8.7±0.26 9.44±0.16 SC
J04555605 M4 3191 -0.701 0.199 1.01±0.10 1.61±0.36 1.66±0.51 1.47±0.15
J05075496 M4 3191 -0.701 0.199 2.88±0.12 2.9±0.23 2.93±0.28 3.06±0.17
J04213459 M5.5 2911 -1.236 0.088 ≤ 0.29 ≤ 0.41 ≤ 0.48 – Non-Det.
J04190110 M4.5 3078 -0.864 0.155 ≤ 0.27 ≤ 0.39 ≤ 0.47 – Non-Det.
† Typical reduced χ2 value for fit is ∼1.45
secondary source 9.′′6 in separation from the target was de-
tected at 3σ; however, a corresponding source has not been
previously reported in the literature for this target, making
the background or associated nature of the source uncertain.
For both the known binary and new candidate detections, the
secondary disks are weaker in both cases, and the lower flux
densities are reported in Table 5. An additional two targets –
J04202555 and J04230607 – were previously noted as binary
candidates with separations ≤ 4.′′6 (Kraus et al. 2012). Nei-
ther of these candidates are detected in the wider field maps
in this study, and the 3σ upper limits at the positions of the
candidates are included in Table 5.
By combining the new 885µm data with previously re-
ported photometry from the literature (compiled in mJy with
original references in Bulger et al. 2014), the spectral energy
distribution (SED) for each source was constructed. Each
source SED is presented in Figures 7 and 8, along with
the associated ALMA continuum map. For the majority of
the targets, the ALMA flux density is the only detection in
the submm/mm wavelength range critical for estimating disk
masses.
6. DISCUSSION
6.1. Calculations of Disk Masses from Analytic Relations
The Taurus target flux densities reported in Table 4 are con-
verted into estimates of the disk dust mass through two ap-
proaches – (1) applying flux-mass scaling relations and (2)
fitting radiative transfer models to the SEDs including the
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Figure 5. The new ALMA 885µm fluxes from the 24 targets in our
study (red stars and blue circles), as a function of spectral type,
shown with a previous compilation of measured or extrapolated
890µm fluxes for Class II Taurus members from Andrews et al.
(2013) (gray squares), with the survey sensitivity limit shown for
comparison (gray dashed line).
Table 5. Binary companion candidates and their corresponding
ALMA measurements within this study. Candidates denoted by ∗
are not spatially resolved in the ALMA maps.
Cand. Flux Sep. Pos. Ang.
System (mJy) (asec) (deg) Ref.
J04181710 0.99 ± 0.16 9.6 77.6 (1)
J04394488 1.61 ± 0.18 3.1 324.8 (1), (2)
J04202555 ≤ 0.42 4.62 267.6 (3)
J04230607 ≤ 0.42 6.44 291.6 (3)
J04284263 ∗ 0.64 10 (4)
J04292165 ∗ 0.22 268.6 (5)
Ref. (1) This work; (2) Itoh et al. (1999); (3) Kraus et al. (2012) ;
(4) Cieza et al. (2012);(5) Konopacky et al. (2007).
new ALMA 885µm values. For this analysis, the natural
weighting map fluxes are used for consistency, however the
results are not dependent on the procedure applied to deter-
mine fluxes as shown in Figure 3. The analytic expression
utilized to estimate disk masses is:
logMdust = logSν + 2 log d− log κν − logBν(〈Tdust〉),
(1)
where Sν is the ALMA flux density, d is the distance, κν is
the dust opacity, and Bν(〈Tdust〉) is the blackbody function
at the dust temperature (Hildebrand 1983).
M8 M7.5 M7 M6.5 M6 M5.5 M5 M4.5 M4 M3.5
Spectral Type
10−1
100
101
102
A
L
M
A
F 8
85
µ
m
(m
Jy
)
Transition Disks
Truncated Disk
VLMS
Brown Dwarfs
Figure 6. The new ALMA 885µm fluxes from the 24 targets in our
study. All but two of the targets have continuum detections, and the
two non-detections are both transition disks. However, additional
transition disks (circled) are also found within the very low-mass
star (VLMS) population within our sample, and a single truncated
disk (square) was identified for one of the brown dwarfs in our sam-
ple.
The first three terms of Eqn. 1 are determined directly from
measurements or standard assumptions. The ALMA flux Sν
for each source is given by the natural weighting or self-
calibration value in Table 4. A distance to Taurus of 140pc
(Kenyon et al. 1994; Bertout et al. 1999; Torres et al. 2009)
is used in the calculation. The opacity was scaled to the
observation wavelength of 885µm from the assumptions of
κ1.3mm=2.3cm2g−1 and κ ∼ ν0.4; this opacity normaliza-
tion value and power law relation correspond to the opacity
of a standard mixture of astronomical silicates with a maxi-
mum grain size amax = 1mm and a grain size distribution
following a power law with slope=-3.5, similar to previous
studies (Andrews et al. 2013; Carpenter et al. 2014).
Different approaches have been used in the literature to
estimate the value of Tdust needed for the final term of
Eqn. 1. A fixed temperature, typically ∼20K, has been ap-
plied to early work on Taurus (Beckwith et al. 1990) and re-
cent ALMA surveys of Lupus and Cha I (Ansdell et al. 2016;
Pascucci et al. 2016). A temperature scaling relation based
on object luminosity was introduced and applied to surveys
of more massive stars in Taurus and Ophiuchus (e.g., An-
drews et al. 2013):
〈Tdust〉 = 25(L∗/L)1/4K. (2)
To estimate the luminosity required for Eqn. 2, measure-
ments of the object photosphere such as a spectrum or pho-
tometric spectral energy distribution are compared with evo-
lutionary models. For this study, we determine the target lu-
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Figure 7. SEDs and continuum maps for targets with spectral types M4 – M5.75. Map intensity corresponds to flux density in mJy. All
contours shown are 5σ. For J04181710, the field of view has been increased to show a wide companion candidate detection. Beam sizes are
indicated in the lower left corner with white ellipses, with typical sizes of 0.′′47× 0.′′38.
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Figure 8. SEDs and ALMA continuum maps for targets with spectral types M6 and later. Map intensity corresponds to flux density in mJy. All
contours are 5σ. Beam sizes are indicated with white ellipses in the lower left corner, with typical sizes of 0.′′47× 0.′′38.
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minosities given in Table 4 from a scaled spectral type and
effective temperature relation and evolutionary models as-
suming a fixed age for Taurus, and the procedure is described
in further detail in Section 6.3 and Appendix A. For low lu-
minosity objects such as the targets in this study, the dust
scaling given in Eqn. 2 predicts very low Tdust values, with
average values of 12 K, comparable to the ambient molecular
cloud. The values of Tdust from Eqn. 2 and the correspond-
ing Mdust are reported in Appendix D.
To avoid the unphysically low temperatures implied by
Eqn. 2, a different temperature-luminosity relation more ap-
propriate for samples extending to spectral types of ∼M5
and later was used, as explored in our previous paper
(van der Plas et al. 2016):
〈Tdust〉 = A(L∗/L)BK (3)
Both the normalization factorA and the power law indexB
in Eqn. 3 vary depending on a number of factors, with the as-
sumed outer radius of the disk being the dominant parameter;
the coefficients A and B for different outer radii are reported
in Table 6. For the subsequent analysis in the paper, the ana-
lytic estimate of the disk dust mass is based on Eqn. 3, and we
explore a range of radii from 10 au to 200 au. The full range
of Tdust and Mdust for each target assuming different radii
are given in Appendix D, and a subset of values are listed in
Table 7. As expected, the differences are most pronounced
for the lowest luminosity objects, with variation in dust mass
of ∼2.5× between the 40 au disks and 200 au disks. To ac-
count for a range of possible disk sizes, the Mdust uncer-
tainties incorporate both the ±10% flux scaling and sizes of
±tens of au about a central disk size; we explore cases with
central disk sizes of 100 au for all objects (used in previous
studies), and cases with central disk size of 40 au or 20 au
for the lower mass objects and 100 au for the higher mass
objects.
6.2. Calculations of Disk Masses from Radiative Transfer
Models (MCFOST)
The final approach to determining disk masses from the
ALMA measurements involves a combination of the ALMA
data with photometry at other wavelengths and a comparison
with models generated with the Monte Carlo 3D continuum
radiative transfer code MCFOST (Pinte et al. 2006, 2009)
which produces synthetic SEDs. In the MCFOST routines,
photons from the central object are propagated through the
disk with a model incorporating a combination of scatter-
ing, absorption, and re-emission. The MCFOST parameters
related to the central source are the central object effec-
tive temperature Teff, object radius R, and luminosity L∗.
These values are listed for each source in Table 8, where
the stellar radius and value of Av for each source were
derived with SED fitting in the previous Herschel TBOSS
Table 6. 1 Myr disk dust temperature power law coefficients for
low-luminosity central objects (typically L < 0.1L), from the
relations provided in van der Plas et al. (2016).
Tdust = A(L∗/L)
B
Disk Outer Radius Amplitude Index
(au) (A) (B)
10 58 0.23
20 41 0.22
40 30 0.18
60 26 0.16
80 24 0.15
100 22 0.15
200 19 0.14
Table 7. Dust Masses
Target R=40 au R=100 au R=200 au
Td (K) Md(⊕) Td (K) Md(⊕) Td (K) Md(⊕)
J04292165 15.7 2.72 12.8 3.82 11.5 4.67
J04141188 15.3 0.41 12.5 0.57 11.2 0.70
J04230607 15.7 2.20 12.8 3.09 11.5 3.78
J04262939 15.7 2.00 12.8 2.81 11.5 3.43
J04381486 13.8 0.63 11.5 0.86 10.4 1.05
J04382134 14.9 1.12 12.3 1.57 11.0 1.92
J04390163 15.7 0.48 12.8 0.67 11.5 0.83
J04390396 13.8 1.13 11.5 1.56 10.4 1.90
J04400067 15.7 3.61 12.8 5.06 11.5 6.19
J04414825 13.0 1.73 11.0 2.36 9.9 2.88
J04144730 22.4 4.04 17.3 5.94 15.2 7.30
J04161210 20.2 1.44 15.8 2.09 13.9 2.56
J04181710 16.2 0.47 13.2 0.67 11.8 0.82
J04202555 18.6 5.18 14.8 7.45 13.1 9.13
J04284263 18.6 0.43 14.8 0.62 13.1 0.76
J04322210 20.2 14.02 15.8 20.35 13.9 24.98
J04334465 20.2 10.14 15.8 14.72 13.9 18.07
J04385859 21.7 6.78 16.8 9.93 14.8 12.21
J04393364 19.4 2.53 15.3 3.65 13.5 4.48
J04394488 19.4 3.01 15.3 4.35 13.5 5.33
J04555605 22.4 0.22 17.3 0.32 15.2 0.40
J05075496 22.4 0.62 17.3 0.92 15.2 1.13
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Table 8. Stellar parameters used in MCFOST models.
Target Teff log[L∗] R∗ Av
(K) (L) (R) (mag)
J04141188 2963 -1.746 0.873 2.5
J04144730 3270 -0.49 1.734 0.7
J04161210 3162 -1.084 1.385 2
J04181710 3023 -0.987 0.422 2.8
J04190110 3058 -0.454 0.589 1.1
J04202555 3091 -1.343 0.487 1.6
J04213459 3058 -0.912 1.136 0.9
J04230607 2990 -1.332 0.942 1.5
J04262939 2990 -1.655 0.377 1.6
J04284263 3091 -1.258 1.217 1.3
J04292165 3091 -0.115 1.884 0.4
J04322210 3162 -1.134 1.385 1.4
J04334465 3162 -0.565 0.554 3.0
J04381486 2837 -2.358 0.579 1.0
J04382134 2935 -1.507 0.794 0.6
J04385859 3234 -1.148 0.622 1.5
J04390163 2990 -1.054 1.13 0.5
J04390396 2837 -1.336 0.552 0.5
J04393364 3125 -1.031 1.300 1.0
J04394488 3125 -0.295 2.600 0.5
J04400067 2990 -1.547 0.377 0.5
J04414825 2752 -1.683 0.634 1.3
J04555605 3270 -0.576 1.652 0.0
J05075496 3270 -1.095 1.652 1.2
study by Bulger et al. (2014). The effective temperatures
were estimated from the spectroscopically-determined spec-
tral types reported in the literature (references in Table 1)
and the temperature scales from Luhman et al. (2005) and
Kenyon & Hartmann (1995). A set of 9 parameters are used
to define a disk structure and dust population and 5 are var-
ied over ranges reported in Table 9: dust mass Mdust, inner
radius rin, outer radius rout = 100AU, scale height H0 at
a reference radius ro, flaring profile exponent β for the disk
height H(r) ∼ rβ , surface density profile index b where
Σ(r) ∼ rb, minimum grain size amin = 0.01µm, maximum
grain size amax = 3mm, and the grain size distribution
N(a) ∼ a−3.5, with a corresponding continuum opacity
κ = 2.78cm2/g at 870µm. The final parameters are the disk
inclination i and the reddening Av. Since none of the objects
are in the more embedded Class I phase, a single continuous
disk model was used, with no envelope component.
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Figure 9. Comparison of the MCFOST model disk dust masses
and the analytically-derived masses, calculated as described in Sec-
tion 6.1. Estimated analytic masses assuming disk radii of 40 and
200 au (red and blue circles, respectively), and the masses derived
from MCFOST radiative transfer modeling (open circles) are com-
pared against the analytic result for a 100 au disk case on the x-axis.
The black line represents the 1 to 1 relationship for the 100 au case
plotted against itself. The MCFOST model results agree well within
the ranges of masses inferred from the 40-200 au analytic estimates,
and appear more consistent with the 40 au disk dust masses.
We apply a genetic algorithm approach, previously em-
ployed in Mathews et al. (2013), to explore five free model
parameters – Mdust, H0, rin, β, and surface density index.
These parameters are iteratively varied over a range of values
to construct a minimal χ2 distribution. For each target, the
genetic algorithm begins with an initial generation of mod-
els uniformly sampled over the free parameter minimum and
maximum ranges given in Table 9, and calculates χ2 values
for each model. A successive generation of models is then
generated by selecting from the previous generation of parent
models, with parameters randomly sampled from the parent
model parameters. Within the successive generation, a “mu-
tated” subset of models is created by varying one-tenth of the
parent parameter ranges for a fraction of models. The pro-
cess is continued for following generations, with the range
of parameter variation and mutation rate dependent upon the
resulting χ2 values, optimizing to more densely sample the
parameter space near the minimum of the distribution. The
best-fit parameter values corresponding to the minimum χ2
for each SED fit are listed in Table 10, and the dust masses are
compared with the analytically-derived masses in Figure 9.
SEDs with the resulting best-fit MCFOST models are pro-
vided in Appendix C for each of the stellar and brown dwarf
targets (Figures 31 and 32, respectively).
6.3. Disk Mass as a Function of Central Object Mass
14 WARD-DUONG ET AL.
Table 9. MCFOST Model Parameter Ranges
Parameter Minimum Maximum
Disk Mass, Mdust 10
−8 10−4
Scale Height, H0 5 25
Inner Radius, rin 0.01 1.0
Disk Flaring Index, β 1.0 1.3
Surface Density Index -1.5 0.0
Table 10. Genetic algorithm results with SED fitting in MCFOST.
Target Mdust H0 rin β Surf. Dens. χ
2
(M⊕) (au) (au)
J04144730 3.00 18.5 0.01 1.2 -0.65 45
J04161210 2.16 23.5 0.05 1.2 -1.4 100
J04181710 0.33 23.5 0.02 1.08 -0.5 10
J04190110 0.10 18 1 1 -1.05 500
J04202555 6.66 14.5 0.4 1.2 -0.35 55
J04213459 0.11 17.5 0.04 1.25 -1.25 125
J04230607 2.00 16 0.08 1.2 -0.75 15
J04262939 4.16 18.5 0.04 1.08 -0.3 13
J04284263 0.67 18 0.02 1.08 -0.75 58
J04292165 0.67 22.5 0.05 1.08 -0.4 42
J04322210 23.31 11 0.05 1.27 -0.8 35
J04334465 16.65 14 0.05 1.08 -0.9 16
J04381486 2.66 25 0.03 1 -1.4 600
J04382134 1.50 20 0.02 1 -1.2 20
J04385859 18.31 10.5 0.08 1.09 -0.4 9
J04390163 0.33 12 0.02 1.07 -0.55 10
J04390396 0.92 19.5 0.04 1.1 -0.25 33
J04393364 4.16 15 0.08 1.06 -0.55 17
J04394488 1.33 20 0.08 1.16 -0.5 45
J04400067 3.33 10.5 0.11 1.23 -0.8 60
J04414825 1.66 20 0.9 1.13 -1 35
J04555605 0.58 18 0.3 1.3 -1.4 500
J05075496 0.75 16.5 0.07 1.14 -0.4 10
The disk masses determined from the new ALMA data
represent the lowest mass component of the Taurus popula-
tion and can be placed in the context of the full spectrum
of disks by combining with previous results on higher mass
Taurus members. The results from an SMA snapshot sur-
vey combined with previous single dish measurements pro-
vide a catalog of measured or extrapolated 890µm flux den-
sities for a sample of 179 Taurus systems (Andrews et al.
2013), to which the 24 ALMA results are added. The stel-
lar mass of each Taurus member observed in either study
is determined by relating the spectral type of the target to
a corresponding effective temperature scaling from Herczeg
& Hillenbrand (2014), and a comparison of the evolution-
ary models of Baraffe et al. (1998) and Baraffe et al. (2015,
hereafter BHAC15), and the MESA models for higher mass
targets (Choi et al. 2016). Estimation of central object mass
via spectral type has been performed in previous studies (e.g.,
Kraus & Hillenbrand 2007; Pascucci et al. 2016), either alone
or in tandem with other mass estimation approaches (e.g.,
model comparison with SED estimates of temperature and
luminosity). In this study, we adopt a uniform mass estima-
tion approach for all objects based on spectral type to avoid
ambiguities in luminosity/age estimation due to the presence
of edge-on disks. Further description of the mass and lumi-
nosity estimation method for the central stars/brown dwarfs
is provided in greater detail in Appendix A.
The masses adopted from the new BHAC15 and MESA
models are updated from those reported in the Andrews et al.
(2013) compilation, which utilized an older suite of mod-
els (D’Antona & Mazzitelli 1997; Baraffe et al. 1998; Siess
et al. 2000) that yield systematically lower masses at lower
luminosities and higher masses at higher luminosities. The
disk masses of the sources detected with the SMA or single
dish surveys are estimated with Eqns. 1 and 3 and plotted
on Figure 10 as a function of object mass, utilizing the dust
temperature-luminosity scaling described in Section 6.1. In
Figure 10, the uncertainties in dust mass are derived from
dust temperatures incorporating a range of disk sizes cen-
tered at 100 au disks, with the lower estimate of dust mass
corresponding to 40 au disks and upper estimate correspond-
ing to 200 au disks, and include the impact of a 10% system-
atic uncertainty in flux.
Like the more massive host stars, the low mass ALMA-
detected sources exhibit a large spread in disk mass for a
given host mass, since the sensitivity limit is sufficient to de-
tect most disks and not only the upper envelope of sources.
To gauge the decline in disk mass as a function of central
object mass, two comparison lines assuming a gas to dust
ratio of 100:1 are also plotted, representing disks of 0.2%
and 0.6% of the mass of the central object. The 0.2%–0.6%
range, corresponding to the average scaling factor for the lin-
ear Mdisk ∼ Mstar range found by Andrews et al. (2013),
intercepts the median high-mass Taurus targets and the least
massive disks for the lowest-mass hosts. With the large dis-
persion in dust mass at any given stellar mass, significant
populations exist above and below the relations.
Best-fit power laws to the detections and upper limits for
the Taurus population are shown in Figure 11 (red points and
lines), applying the Bayesian linear regression approach of
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Kelly (2007) to incorporate both detections and upper lim-
its. With greater numbers of targets at lower host masses,
the Taurus best fit relation of log[Mdust(M⊕)] = (0.97 ±
0.14)log[Mstar(M)] + (1.15± 0.09) with an intrinsic scat-
ter of 0.49 dex in log[Mdust(M⊕)] is consistent with a lin-
ear relation, similar to the relations reported for disks around
Taurus stellar hosts in Andrews et al. (2013), and the TBOSS
data are consistent with the general trend of decreasing disk
mass with declining central object mass, suggesting a com-
mon formation mechanism across the full mass spectrum.
6.4. Disk Mass as a Function of Time and Environment
To investigate the evolution of the disk dust mass, dust
mass as a function of host mass is also plotted for the re-
gion of Upper Sco in Figure 11 (blue points and lines). The
Taurus component is the same as in Figure 10, described in
Section 6.1. To explore the full range of stellar masses for tar-
gets in Upper Sco, a compilation of studies is used for com-
parison, with values drawn from a single dish IRAM survey
of high-mass Upper Sco members (Mathews et al. 2012) and
a large recent ALMA study (Barenfeld et al. 2016). For the
lowest-mass hosts, the results from the Taurus ALMA sam-
ple are compared with our ALMA pilot study of brown dwarf
Upper Sco members (van der Plas et al. 2016). Both samples
of brown dwarfs are too small in number and too biased to-
ward detections to address the frequency of submm-detected
disks over time, but the measured flux densities converted
to disk masses can be used to study how the mass changes
with age. Dust masses for all targets in Upper Sco were
re-estimated with a self-consistent approach using Eqns. 2
and 3 (see Appendix B). While a considerable range of disk
masses is present for any given object mass and the lowest
mass systems in Taurus overlap with the highest mass exam-
ples in Upper Sco, there is a clear drop in the overall disk
mass level with time. The ages of the two samples, with
∼1-2 Myr for Taurus (e.g., Kraus & Hillenbrand 2009) and
∼5-10 Myr for Upper Sco (Blaauw 1978; Pecaut et al. 2012),
cover important timescales in planet formation and disk evo-
lution, including formation of giant planets by gravitational
instability (<1 Myr; Boss 1997) or core accretion (∼10 Myr;
e.g. Pollack et al. 1996), the onset of terrestrial planet for-
mation (∼3-10 Myr; Chambers & Wetherill 1998), and the
dissipation of gas-rich primordial disks (∼3 Myr; Luhman
et al. 2010).
Applying the same linear regression analysis to the Upper
Sco populations, the best-fit Upper Sco power law relation
of log[Mdust(M⊕)] = (0.92 ± 0.18)log[Mstar(M)] +
(0.46 ± 0.09) with an intrinsic scatter of 0.54 dex in
log[Mdust(M⊕)] has a slope similar to that of the Taurus
population fit in Section 6.3 within uncertainties, and the
combined populations are shown in Figure 11. The compar-
ison between intercepts of the fits to each of the two regions
suggests a decline in disk mass by a factor of ∼4-5 over the
critical ∼1-10 Myr time period between Taurus and Upper
Sco, similar to the conclusion reached in previous studies
(Ansdell et al. 2016). The total gas and dust disk mass de-
cline is probably significantly larger than indicated by the
drop in fit intercept values, as the gas to dust ratio likely
evolves over time since Upper Sco targets typically only
have upper limits (van der Plas et al. 2016).
To measure the impact of adopting 100 au disk sizes for
all of the objects, the Taurus and Upper Sco samples were
broken into separate subsets at the M4 spectral type. Smaller
disk radii of either 20 au or 40 au were then assumed for the
M4 and later spectral types, with uncertainties corresponding
to disk sizes from 10-100 au in the 20 au case, or 20-100 au
in the 40 au case. Figure 11 shows the fit to the populations
with the 40 au disk size for lower mass objects. The slopes
from the tests are listed in Table 11, showing that the results
are within the uncertainty of the fit with the assumption of
100 au disks for all object masses. Regardless of the assumed
disk size for the low mass component of the population, the
Taurus and Upper Sco slopes are within 1σ of each other. Fi-
nally, two separate power law fits were made to the Taurus
population, splitting the sample at either M4 or M6 spec-
tral types. The slopes for the high and low mass members
are consistent within 2σ of each other for a dividing spectral
type of M4. The sample of substellar objects with spectral
type M6 or later is too small and the fit to the brown dwarf
population was unconstrained, ranging from positive to neg-
ative slopes. Within the limitations imposed by the current
sample sizes, the brown dwarf disks do not appear to either
dissipate more quickly than their counterpart disks above the
substellar limit or to retain an elevated amount of disk dust
material over time.
The fitted slope of 0.92±0.18 for the combined Upper Sco
population reported here is shallower than that of 1.67±0.37
reported in the large recent ALMA Upper Sco survey by
Barenfeld et al. (2016), and we investigate the source of
the discrepancy. The additional detections and limits from
van der Plas et al. (2016) and Mathews et al. (2012) do not
change the slope at a significant level relative to including
only the sample of Barenfeld et al. (2016). Full details of the
Mdust and Mobject comparisons for Upper Sco are given in
Appendix B and the results show that the key factor is the
slope sensitivity to the choice of stellar evolutionary models
– Siess et al. (2000) models in the Barenfeld et al. (2016)
analysis and the more recent Baraffe et al. (2015) models in
this study. (Repeating our fitting technique for the Baren-
feld et al. population with our re-calculated dust masses and
their published stellar masses results in a slope of 1.87 ±
0.34, consistent with the Barenfeld et al. (2016) result.) Con-
sidering various treatments of dust temperature and stellar
mass/luminosity, the range of slopes for both Taurus and Up-
16 WARD-DUONG ET AL.
10−1 100
Host Mass (M¯)
10−1
100
101
102
103
D
us
tM
as
s
(M
⊕)
Mdisk
= 0.2
%M∗
Mdisk
= 0.6
%M∗
Taurus-Only Comparison: Baraffe et al. 1998 Models
TBOSS ALMA
Andrews+ 2013
10−1 100
Host Mass (M¯)
10−1
100
101
102
103
D
us
tM
as
s
(M
⊕)
Mdisk
= 0.2
%M∗
Mdisk
= 0.6
%M∗
Taurus-Only Comparison: Baraffe et al. 2015 Models
TBOSS ALMA
Andrews+ 2013
Figure 10. Taurus-only disk dust mass vs. object mass for detections within our sample (red stars) and the full Class II Taurus population with
sub-mm detections from Andrews et al. (2013) (black points). Stellar parameters are derived from spectral types and the evolutionary models
of Baraffe et al. (1998) (left figure) and Baraffe et al. (2015) (right figure), assuming an age of 1 Myr. The x-axis errorbars correspond to the
possible range of derived stellar masses assuming±0.5 subclass error on the spectral type. The y-axis errorbars correspond to the range of dust
mass within the disks, assuming at minimum a disk radius of 40 au (lower limit) and maximum of 200 au (upper limit), and incorporate a 10 %
absolute flux calibration uncertainty. Open points correspond to identified binaries. Upper limits are provided as downward triangles, with the
range denoting disk masses evaluated at disk radii of 40, 100, and 200 au. Overlaid in dashed lines are the 3σ sensitivity limits for our survey
(0.39 mJy; red line) and Andrews et al. (2013) (3 mJy; black line). Also shown are the lines of disk mass proportional to stellar mass (dotted
black lines), and the stellar/substellar boundary at 0.08M (blue vertical dot-dashed line).
Table 11. Calculated slopes for Taurus and Upper Sco compilations.
Disk Size Taurus G8-M8.5 U. Sco G7-M7.5
Uniform 100 au 0.98 ±0.14 0.92 ± 0.18
Uniform 100 au (det. only) 0.65 ± 0.11 0.42 ± 0.16
40 au (M4+), 100 au (<M4) 1.11 ± 0.14 1.05 ± 0.18
20 au (M4+), 100 au (<M4) 1.23 ± 0.14 1.16 ± 0.18
per Sco reported within previous Taurus/Upper Sco surveys
and recent ALMA surveys of regions such as Lupus III and
Chamaeleon (e.g., Ansdell et al. 2016; Pascucci et al. 2016),
have been consistent with both linear and steeper-than-linear
relations. The choice of stellar evolutionary models and dust
temperature relations are thus important factors in determin-
ing slope steepness and the fit parameters can only be com-
pared if a uniform approach is adopted for all regions.
To enable a comparison with a low-mass population at
approximately the same age of Taurus, but in a different
star-forming environment, the brown dwarf population of
Rho Ophiuchus investigated by Testi et al. (2016) also with
ALMA is shown for comparison with the Taurus population
in Figure 12. The Taurus and Rho Ophiuchus populations
show similar mean and variance in dust masses for disk hosts
with central object masses < 0.08M (Taurus = 2.1 ± 1.4
M⊕, Rho Oph = 2.3 ± 1.6 M⊕). A two-sample Anderson-
Darling (AD) test produced no statistically significant dif-
ference in dust mass with in brown dwarf and low-mass star
disks between the TBOSS and Rho Oph (AD-statistic = 0.02,
critical value for 5% significance of 1.961, approximate p-
value = 0.34).
6.5. Implications for Planet Formation
The observed exoplanet population can provide insight
into the amount of planet-forming material that must be avail-
able within primordial disks, enabling a comparison with the
mass inventory in dust estimated from sub-mm flux densi-
ties of young Taurus objects. The average heavy element
mass required to form the population of Kepler-detected 2-
50 day period planets was inferred by Mulders et al. (2015).
The Kepler-inferred heavy element masses are plotted in Fig-
ure 13 along with the Taurus ALMA results. Since the Ke-
pler results are confined to short period planets, correspond-
ing to a limited radius within the disks, we also make a
comparison with the Minimum Mass Solar Nebula (MMSN,
∼35 Earth mass dust, ∼11 Jupiter mass gas+dust; Weiden-
schilling 1977), since this covers the entire extent of the plan-
etary system. This is however a solar system-centric compar-
ison, and it is not currently known how representative the
MMSN is of a typical planetary system. Indeed we know
that many exoplanetary systems look very different from the
solar system. In particular, it might well be expected that
even if the MMSN is reasonably representative of G-type
stars, it may not be applicable to other spectral types (cf.,
a minimum-mass M-dwarf nebula of 53M⊕ of condensates
for hosts of stellar mass 0.46M; Gaidos 2017).
The Kepler planet host masses are determined from
the stellar effective temperature and mass table given in
Pecaut & Mamajek (2013) and the Kepler host star planets
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Figure 11. Disk dust mass as a function of stellar host mass for Taurus and Upper Sco with overlaid power-law fits to combined detections
and upper limits. (Left) With a single disk size of 100 au for all objects and uncertainties (in the corner) incorporating disk sizes ranging from
40–200 au, the best-fit linear regression for Taurus is log[Mdust(M⊕)] = (0.97 ± 0.14)log[Mstar(M)] + (1.15 ± 0.09) with 0.49 dex of
intrinsic scatter (red lines), and for Upper Sco, log[Mdust(M⊕)] = (0.92± 0.18)log[Mstar(M)] + (0.46± 0.09) with 0.54 dex of intrinsic
scatter (blue lines). Symbols for combined studies include this work (stars) and Andrews et al. (2013) (circles) for Taurus in red, and van der
Plas et al. (2016) (pentagons), Barenfeld et al. (2016) (squares), and Mathews et al. (2012) (diamonds) in blue for Upper Sco. The slopes
between the Taurus and Upper Sco populations are similar within uncertainties. Dust mass and stellar mass estimations assume a population
age of 10 Myr for Upper Sco vs. 1 Myr for Taurus. The three previous Upper Sco surveys cover a wide range of stellar masses and have
significantly lower dust masses, corresponding to approximately 0.5 dex decrease between the two populations. (Right) Assuming disk sizes of
40 au for targets M4 and later, and 100 au disks for < M4, the slopes are slightly steeper (1.11± 0.14 for Taurus; 1.05± 0.18 for USco), but
agree with the 100 au case within uncertainties. The uncertainties (in the corner) include a range of disk sizes from 20–100 au.
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Figure 12. Comparison of the Taurus lowest-mass stars and brown
dwarfs from Andrews et al. (2013) and our survey (red points and
stars) and the Rho Ophiuchus population reported in Testi et al.
(2016) (purple diamonds). Upper limits are shown as open down-
ward triangles for Rho Oph and filled triangles for Taurus. While the
age of the star forming regions are thought to be similar at ∼1 Myr,
no statistically significant difference in dust mass is observed be-
tween the two regions, suggesting that any differing environmental
effects may not be significant. The boundary between the stellar and
substellar limit (0.08M) is shown with the vertical dashed line.
compiled in Mulders et al. (2015). Over 90% of the M-star
hosts analysed by Mulders et al. (2015) are M0-M3, and
so the host mass range of the Kepler results only extends
down to ∼0.4M, as plotted in Figures 13 and 14. The Ke-
pler and Taurus disk population results are summarized for
comparison over common mass ranges in Table 12 which
also quantifies the proportion of Class II disks that exceed
the average heavy element mass estimated from Kepler and
the MMSN. Table 13 reports the minimum (both for detec-
tions and limits), maximum and median (including limits)
disk dust mass values for the same mass ranges. The heavy
element masses from Mulders et al. (2015) trend upward to-
wards lower stellar masses for planetary systems with 2-50
day orbital periods. As shown in the dispersion of the points
in Figure 13 and the upper and lower envelopes in Figure 14,
the majority (57%) of the Taurus sample has larger masses
present in small particles than ultimately coalesce into plan-
ets with short periods measurable with Kepler, and a smaller,
but still significant fraction (24%) contain more mass in dust
than the MMSN. Considering only the best-fit relation for
the full Taurus Class II population plotted in Figure 14, the
fit to disk dust mass exceeds the mass inventory in exoplan-
ets around higher mass stars, and intercepts the expected
exoplanet inventory for the lowest-mass hosts considered in
the Kepler study. From an ALMA survey of Cha I Class II
members, Pascucci et al. (2016) similarly find that the best fit
to the disk dust masses in Cha I is greater than the estimated
material locked within the close-in exoplanet population for
& 1 M stars, but that the least massive (0.4 M) Cha I hosts
have median disk masses a factor of 2 lower than the average
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Figure 13. Comparison of our derived dust masses and the dust
masses for higher-mass Taurus members from Andrews et al. (2013)
with the heavy element distribution inferred from Kepler FGKM
stars (Mulders et al. (2015); blue diamonds) and the giant-planet
forming limit for the total mass of the disk (gas+dust) from the
MMSN, assuming a gas:dust ratio of 100:1 (grey shaded region).
Upper limits for the combined Taurus disk samples shown as down-
ward triangles. and vertical blue dashed lines denote the range of
Main Sequence M-dwarfs down to the 0.08M limit.
mass in exoplanets. Although the median Cha I value for M-
star hosts is lower than the inferred Kepler value, the large
dispersion in dust mass observed in Cha I (similar to Taurus)
is such that part of the M-star population retains disks with
dust masses comparable to or larger than the Kepler average
heavy element mass.
While our observations explore a range of grain sizes on
the order of the observation wavelength, an outstanding ques-
tion remains as to the fraction of mass in undetectable larger
bodies by the age of Taurus. By the age of 1-2 Myr, the rate
of dust detection in infrared and submm/cm surveys suggests
that coagulation mechanisms in simulations, while efficient
at growing grains up from sub-micron scales, are insufficient
to maintain the small grain dust population on their own,
which must be replenished. This could be achieved with an
equilibrium reached between growth and collisional grinding
and fragmentation processes (Dullemond & Dominik 2005).
The model from Dullemond & Dominik (2005) incorporat-
ing coagulation with effects of grain settling and mixing
as well as fragmentation, suggests that near ∼1 Myr, ap-
proximately 0.5 dex greater mass surface density of the
disk is contained within cm-sized grains than submm grains,
within a simulated vertical slice at 1 au. This factor of
∼3 in mass surface density can be compared with the ob-
servational results from longer wavelength studies of disks
from the same or similar star-forming regions. For an M1
member of Taurus-Auriga, CY Tau, Pe´rez et al. (2015) an-
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Figure 14. Comparison of the median, minimum (detections and
upper limits), and maximum dust masses for Taurus in terms of disk
dust mass (M⊕) as a function of the host stellar mass (M). As in
Figure 13, the Kepler FGKM heavy element masses estimate from
Mulders et al. (2015) are shown as blue diamonds (with right y-axis
and upper x-axis corresponding to the heavy element masses and
Kepler host star masses, respectively). The corresponding binned
dust mass values are provided in Table 13, and the overplotted linear
regressions correspond to the Taurus best fit with 100 au disks in
Figure 11.
alyzed spatially-resolved continuum measurements at 1.3,
2.8, and 7.1mm from the Disks@EVLA program. They
find best fit model parameters on the disk structure which,
at a radius of 1 au, correspond well with the surface den-
sity ratio of ∼3x more mass in larger grains inferred from
Dullemond & Dominik (2005), for the ratio of mass surface
density from 1.3mm to 7.1mm. However, with resolved mea-
surements, Pe´rez et al. find that the grain size distribution is
strongly dependent on location within the disk, correspond-
ing to a much larger population of small grains in the outer
disk and providing strong evidence for radial drift effects.
As the Dullemond & Dominik (2005) models present a sim-
ple case excluding factors such as radial drift and runaway
growth, it is likely that simply scaling the submm-inferred
dust mass by a factor of 3x presents a limiting case for mass
in sub-mm to cm-sized objects.
To illustrate the distributions of disk masses derived from
sub-mm observations and the potential impact of scaling up
the Taurus disk masses to also include ∼cm-sized grains, we
show the cumulative distributions of systems as a fraction
of the gravitationally unstable disk mass limit in Figure 15.
The gas to dust ratio is assumed to be 100:1 as for the in-
terstellar medium (ISM), and the limit for a gravitationally
unstable disk is taken as Mdisk = 0.1 Mstar. This places a
representative upper limit on the possible mass of the disk
and constrains the range of possible ‘unseen’ mass in larger
bodies within the disk. Note that while it is possible that the
gas to dust ratio at the age of Taurus is lower than 100:1, it
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Table 12. Disk detection and dust mass frequencies relative to Class II and III populations, with corresponding heavy element masses from the
short-period Kepler planet statistics, and the fraction of disks reaching minimum-mass solar nebula (MMSN) values.
Main Sequence Spectral Type: F-stars G-stars K-stars Early-M Mid-M Late-M Substellar
Mass Range (M) 1.14–1.59 0.9–1.14 0.59–0.9 0.43–0.59 0.245–0.43 0.08–0.245 ≤ 0.08
Num. Class II Observed 5 4 26 38 48 45 33
%Class II >Avg. Heavy Elem. Mass 80 75 69 57 – – –
%Class II > MMSN 20 40 19 24 7 1 0
Num. Class III 5 1 17 12 13 37 42
% Submm Det. in Class II+III 50 80 58 58 41 24 19
Table 13. Disk dust mass values for various host mass regimes in
Taurus, combining this study and Andrews et al. (2013). Disk mini-
mum values from upper limits denoted by UL, and Kepler estimates
from Mulders et al. (2015).
Object Taurus Class II (M⊕) Kepler
M∗ (M) Min. (UL) Min. (Det.) Max. Med. Avg.
1.14–1.59 – 2.0 94.5 26.5 3.6
0.9–1.14 – 3.0 102.6 21.3 5.0
0.59–0.9 – 1.8 303.8 13.1 5.4
0.43–0.59 0.8 4.3 88.3 28.9 7.3
0.245–0.43 1.4 2.3 147.8 10.4 –
0.08–0.245 0.1 0.3 107.7 10.9 –
≤ 0.08 0.6 0.6 7.4 5.1 –
would presumably have started at the ISM value and thus the
gravitational stability limit we are comparing to would still
have applied earlier in the disk evolution. As seen in Fig-
ure 15, it is notable that the shape of the older Upper Sco
distribution is very similar to that of the Taurus population,
suggesting that the decrease in dust mass between the ages
of Taurus and Upper Sco occurs uniformly across the dis-
tributions. For comparison, a scenario with three times the
sub-mm dust mass in cm-sized grains is also shown for the
Taurus samples (yellow hatched distribution). This leads to
around 30-40% of systems exceeding the gravitationally un-
stable mass, suggesting that the mass in larger objects not
seen by our ALMA observations is not this large and that in
many cases the dust we observe in the sub-mm constitutes
the bulk of the mass of solid particles in the disk. As such, at
the age of Taurus, planet formation may be in its very early
stages.
To place these timescales within the context of our own
solar system, isotopic studies have also placed limits upon
the formation timescales of small grains and early parent
bodies (Chambers 2010), including: calcium aluminum-rich
inclusions (CAIs, ≤ 0.2 Myr), iron meteorites (≤ 1 Myr),
chrondrules (1-3.5 Myr), and the cores of Mars and Vesta
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Figure 15. Cumulative distributions showing estimated total (gas
+ dust) disk masses as a fraction of total disk mass to stellar mass,
assuming a gas:dust ratio of 100:1. The vertical blue dashed line
indicates the gravitationally unstable limit (Mdisk = 0.1Mstar),
and the horizontal line indicates the median. Taurus populations
are from this study and Andrews et al. (2013) (red curve), using
analytically-derived masses assuming r = 100 au disks. Upper
limits are incorporated using Kaplan-Meier estimation, with distri-
bution width indicating 1σ confidence intervals. The Upper Sco
population (green curve) is a combined distribution from Mathews
et al. (2012), Barenfeld et al. (2016) and van der Plas et al. (2016),
also incorporating upper limits. The yellow hatched distribution
indicates a limiting case of extrapolating the Taurus mass in cm-
sized grains as 3x the measured sub-mm dust masses, in which case
∼ 35% of Taurus systems would be gravitationally unstable.
(ranging from 1-10 Myr, although earlier ages of 1.8 Myr
for Mars have been posited; Dauphas & Pourmand (2011)).
Given the relative size scales of CAIs and chondrules in me-
teorites, on the order of sub-mm and cm-sized grains, these
timescales correspond well to the significant abundance of
similar-sized grains detected in sub-mm/mm surveys of pro-
toplanetary disks. Furthermore, the depletion when compar-
ing with Upper Sco suggests that the majority of planet for-
mation may be taking place between these age ranges, which
would also be in agreement with the formation timescales of
larger planetesimals in the Solar System.
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Theoretical models of giant planet formation (e.g., Alib-
ert et al. 2005) suggest that the MMSN is also roughly the
minimum mass required for the formation of giant planets.
As shown in Figure 13, while the upper envelope of disk
masses exceeds this for hosts with masses above the stellar
limit, this is not true for hosts below the stellar/substellar
boundary. This suggests that the disks of substellar ob-
jects are not massive enough to support giant planet forma-
tion within the disks, and that planetary mass companions
identified around brown dwarf primaries such as 2M1207b
and 2M J044144 (Chauvin et al. 2004; Todorov et al. 2010)
may form through a process more similar to that of binary
stars rather than within a planet-forming disk. This sug-
gestion is reinforced by examining the 193 Taurus Class II
and Class III objects with masses in the 0.08-0.6M range
(equivalent to main sequence M-dwarfs). Of these 193 ob-
jects summarized in Table 12, 32 (17%) have disk masses
larger than the MMSN and thus are theoretically amenable
to giant planet formation; this frequency assumes no Class
III members have MMSN disks although there is not a
comparably deep submm survey of Class III members. By
comparison, large-scale exoplanet surveys indicate that the
occurrence rate of giant planets around M-dwarfs is ∼2%
out to orbits probed by radial velocity surveys (∼5.5yrs)
(e.g., Cumming et al. 2008; Johnson et al. 2011) and deep
AO imaging surveys for giant planet companions to M-
stars have reported null detections over the ∼10–100 au
range (e.g., Bowler 2016). Comparison of the frequencies of
MMSN disks and M-star giant planets suggests that the ef-
ficiency of forming giant planets from MMSN disks is close
to ∼10%, and most disks that are theoretically capable of
forming giant planets, at least around low mass hosts, do not
do so.
7. SUMMARY AND CONCLUSIONS
In summary, the detections from this initial ALMA Cy-
cle 1 study of 24 M4–M7.75 Class II Taurus members (21
detections at >8σ, one marginal detection at 5σ, and two
non-detections) show that the dramatic increase in sensitivity
achieved with ALMA combined with a target selection based
on Herschel PACS 70µm fluxes (Bulger et al. 2014) enable
investigations of the disk properties of the full mass spec-
trum of young star-forming regions. The targets represent
half of the Class II members in this spectral type range with
Herschel detections and span the full range of PACS 70µm
fluxes rather than a subset of the brightest members. This pi-
lot study includes 7 transition disks and 1 truncated disk, and
the non-detections are both transition disks, though other ob-
jects in this class are among the brightest ALMA detections;
the truncated disk is the most marginal detection.
The 885µm continuum flux densities that are the subject
of this paper range from 1.0 to 55.7 mJy. The results from
the spectral line observations covering the 12CO(3-2) emis-
sion will be reported in the next paper in the TBOSS (Tau-
rus Boundary of Stellar/Substellar) series (van der Plas et al.
2017, in prep). Applying different approaches to converting
the flux densities to dust masses – several scaling laws and
radiative transfer modeling with MCFOST – results in a fac-
tor of 2.5 range in mass estimates, with the radiative trans-
fer model estimate typically at the lower part of the mass
range inferred from scaling laws based on different disk radii
(Andrews et al. 2013; van der Plas et al. 2016). By employ-
ing the relations in Eqn. 1 and Eqn. 3 that can be applied to
all Taurus members with submm detections, the dust masses
for the TBOSS ALMA sample range from 0.3 M⊕ to 20 M⊕,
comparable to several times the mass of Mars to enough
Earth masses to form a giant planet core (Pollack et al. 1996).
Combining the new ALMA results with the disks around
more massive Taurus members shows a trend of declining
disk dust mass with central object mass with a large amount
of scatter (at least one order of magnitude) at any given mass.
Considering a range of outer disk radii for the low mass ob-
ject disks, the slope of the power law fit to the Mdust vs.
Mobject relation is consistent with linear over the host mass
range of∼35 MJup – 1M which encompasses most of Tau-
rus. The specific value of the slope is very dependent on the
choice of evolutionary model to determine the object masses,
and a steeper than linear slope is obtained with a different
model set. The brown dwarf disk population appears as a
continuous extension of the low mass stars rather than a dis-
tinct set.
Comparing the Taurus detected disks with results from low
mass stars and brown dwarfs in the older Upper Sco region
shows that the Upper Sco members have disk masses compa-
rable to or lower than the lowest mass disks around similar
mass host objects. In contrast to the larger dust masses in
Taurus, the decline in mass of dust in small (. 1mm) parti-
cles in Upper Sco may be an indication that planet formation
has progressed to the stage in which most solids are in the
form of planetesimals and planets and undetectable at sub-
mm wavelengths. It has long been noted that giant planet
formation must complete before the gas disk dissipates so
that they can accrete their gaseous envelopes. Modern theo-
ries for the growth of solid planetesimals, such as the stream-
ing instability (e.g., Youdin & Goodman 2005; Johansen &
Youdin 2007; Youdin & Johansen 2007) and pebble accretion
(e.g., Lambrechts & Johansen 2012; Levison et al. 2015a,b),
which apply to both terrestrial planets and giant planet cores,
proceed rapidly once the processes are initiated and also rely
on the presence of gas. Furthermore, isotopic analysis of so-
lar system meteorites indicates that large bodies had formed
within a few million years of the condensation of the first
solids (e.g., Bouvier & Wadhwa 2010; Connelly et al. 2008,
2012). As such, the decline in dust mass from Taurus to Up-
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per Sco is aligned with theoretical expectations for planet for-
mation.
The mass inventory of solids in small particles detected
by submm emission typically exceeds the average heavy-
element mass inferred from Kepler short period planetary
systems (Mulders et al. 2015). This comparison quantifies
that a sufficient mass reservoir exists to form the Super Earth
and mini Neptune planets that constitute the bulk of the Ke-
pler exoplanet discoveries and that the timescale for forma-
tion may exceed the ∼1-2 Myr age of Taurus. While the ma-
jority of disks appear to be sites conducive to small planet
formation, a much lower proportion of disks have a total
mass large enough for giant planet formation based on a
standard 100:1 gas:dust ratio and a threshold disk mass of
∼0.01M (Alibert et al. 2005). Under these assumptions,
few low-mass stars have disk masses meeting or exceeding
the MMSN limit, commensurate with the limited numbers
of giant planets detected around these hosts to-date. Direct
imaging searches for sub-Jovian M-dwarf exoplanets with
upcoming facilities like the James Webb Space Telescope
(JWST) anticipate reaching expected mass limits of∼2 times
that of Neptune (Schlieder et al. 2016), and the disk dust
mass results suggest that higher-mass M-dwarfs may be more
amenable to hosting low-mass gas/ice giant exoplanets than
the lowest-mass M-dwarf hosts. Applying Solar System pro-
portions of dust and ice in solids (rocky material∼1/3 and ice
∼2/3; Lodders 2003) to the composition of Neptune (∼13-15
M⊕ in heavy elements; Helled et al. 2011) suggests that ∼4-
5M⊕ in dust is required to form a Neptune-like planet. In a
rough analogy to the MMSN estimate of the disk required to
form a Jupiter-like planet, the minimum mass dust disk re-
quired to form a Neptune would contain∼5M⊕ in rocky ma-
terial, or ∼10M⊕ for the expected 2× Neptune JWST imag-
ing detection limit. As seen in Figure 13, few late-M Tau-
rus disks contain ∼10M⊕ in dust particles measurable with
ALMA.
Among Taurus members with masses in the range of Main
Sequence M-stars (0.08-0.6 M), the frequency of observed
candidate giant planet-forming disks is 17%. This value ex-
ceeds the ∼2-3% frequency of M-dwarf giant planets for pe-
riods< 104 days derived from the synthesis of radial velocity
and microlensing surveys (e.g., Clanton & Gaudi 2014), and
with the null detection of wider orbit planets in M-dwarf di-
rect imaging surveys (e.g., Bowler et al. 2015), suggests a
relatively low efficiency for giant planet formation. By con-
trast, none of the brown dwarf Taurus members have total
disk mass estimates above the giant planet formation thresh-
old, suggesting that imaged planetary mass companions to
brown dwarfs did not originate in disks.
The authors wish to thank the anonymous referee for pro-
viding a thorough review and helpful comments which im-
proved this manuscript. We are grateful to Brian Mason,
Sarah Wood, and the North American ALMA Science Cen-
ter Staff for assistance with the data reduction for this work.
We thank Steve Desch, Nat Butler, Maitrayee Bose, Prajkta
Mane, Brian Svoboda, Anusha Kalyaan, Travis Gabriel, and
Wanda Feng for helpful discussions. KWD was supported
by the NSF Graduate Research Fellowship under Grant No.
DGE-1311230 and support for this work was provided by
the NSF through Award SOSPA3-007 from the NRAO (Stu-
dent Observing Support Program). This work was also sup-
ported by an NSF Graduate Research Opportunities World-
wide supplemental award (Proposal 13074525) in partner-
ship with CONICYT. The results reported herein benefit-
ted from collaborations and/or information exchange within
NASA’s Nexus for Exoplanet System Science (NExSS) re-
search coordination network at Arizona State University
sponsored by NASA’s Science Mission Directorate (Grant
NNX15AD53G). GB, JB, JP, NJT, and KWD would like
to acknowledge support from the Jet Propulsion Labora-
tory’s Strategic University Research Partnerships (SURP)
program. GvdP acknowledges support from the Millennium
Science Initiative (Chilean Ministry of Economy) through
grant RC130007 and from FONDECYT, grant 3140393.
FMe, GvdP, and CP acknowledge funding from ANR of
France under contract number ANR-16-CE31-0013 (“Planet-
Forming-Disks”). APJ gratefully acknowledges funding
through NASA grant NNX16AI31G (“Stop hitting your-
self”). R.J.D.R has been supported by NSF grant AST-
1518332, National Aeronautics and Space Administration
(NASA) Origins grant NNX15AC89G, and NASA NExSS
grant NNX15AD95G. This paper makes use of the following
ALMA data: ADS/JAO.ALMA#2012.1.00743.S. ALMA is
a partnership of ESO (representing its member states), NSF
(USA) and NINS (Japan), together with NRC (Canada),
NSC and ASIAA (Taiwan), and KASI (Republic of Korea),
in cooperation with the Republic of Chile. The Joint ALMA
Observatory is operated by ESO, AUI/NRAO and NAOJ.
The National Radio Astronomy Observatory is a facility of
the National Science Foundation operated under cooperative
agreement by Associated Universities, Inc. This research has
made use of the SIMBAD data base and VizieR catalogue
access tools, operated at CDS, Strasbourg, France. This
research made use of APLpy, an open-source plotting pack-
age for Python (Robitaille & Bressert 2012). This research
makes use of the data products from the 2MASS, which is
a joint project of the University of Massachusetts and the
Infrared Processing and Analysis Center/California Institute
of Technology, funded by NASA and the NSF.
REFERENCES
22 WARD-DUONG ET AL.
Alibert, Y., Mordasini, C., Benz, W., & Winisdoerffer, C. 2005,
A&A, 434, 343
Andrews, S. M., Rosenfeld, K. A., Kraus, A. L., & Wilner, D. J.
2013, ApJ, 771, 129
Andrews, S. M., & Williams, J. P. 2005, ApJ, 631, 1134
—. 2007, ApJ, 659, 705
Anglada-Escude´, G., Amado, P. J., Barnes, J., et al. 2016, Nature,
536, 437
Ansdell, M., Williams, J. P., Manara, C. F., et al. 2017, AJ, 153,
240
Ansdell, M., Williams, J. P., van der Marel, N., et al. 2016, ArXiv
e-prints, arXiv:1604.05719 [astro-ph.EP]
Baraffe, I., Chabrier, G., Allard, F., & Hauschildt, P. H. 1998,
A&A, 337, 403
Baraffe, I., Homeier, D., Allard, F., & Chabrier, G. 2015, A&A,
577, A42
Barenfeld, S. A., Carpenter, J. M., Ricci, L., & Isella, A. 2016,
ArXiv e-prints, arXiv:1605.05772 [astro-ph.EP]
Beckwith, S. V. W., Sargent, A. I., Chini, R. S., & Guesten, R.
1990, AJ, 99, 924
Bertout, C., Robichon, N., & Arenou, F. 1999, A&A, 352, 574
Birnstiel, T., Dullemond, C. P., & Brauer, F. 2010, A&A, 513, A79
Blaauw, A. 1978, Internal Motions and Age of the Sub-Association
Upper Scorpio, ed. L. V. Mirzoyan, 101
Boss, A. P. 1997, Science, 276, 1836
Bouvier, A., & Wadhwa, M. 2010, Nature Geoscience, 3, 637
Bouy, H., Hue´lamo, N., Pinte, C., et al. 2008, A&A, 486, 877
Bowler, B. P. 2016, PASP, 128, 102001
Bowler, B. P., Liu, M. C., Shkolnik, E. L., & Tamura, M. 2015,
ApJS, 216, 7
Bricen˜o, C., Luhman, K. L., Hartmann, L., Stauffer, J. R., &
Kirkpatrick, J. D. 2002, ApJ, 580, 317
Bulger, J., Patience, J., Ward-Duong, K., et al. 2014, A&A, 570,
A29
Carpenter, J. M., Mamajek, E. E., Hillenbrand, L. A., & Meyer,
M. R. 2006, ApJL, 651, L49
Carpenter, J. M., Ricci, L., & Isella, A. 2014, ApJ, 787, 42
Chambers, J. 2010, Terrestrial Planet Formation, ed. S. Seager, 297
Chambers, J. E., & Wetherill, G. W. 1998, Icarus, 136, 304
Chauvin, G., Lagrange, A.-M., Dumas, C., et al. 2004, A&A, 425,
L29
Choi, J., Dotter, A., Conroy, C., et al. 2016, ApJ, 823, 102
Cieza, L. A., Schreiber, M. R., Romero, G. A., et al. 2012, ApJ,
750, 157
Clanton, C., & Gaudi, B. S. 2014, ApJ, 791, 91
Connelly, J. N., Amelin, Y., Krot, A. N., & Bizzarro, M. 2008,
ApJL, 675, L121
Connelly, J. N., Bizzarro, M., Krot, A. N., et al. 2012, Science,
338, 651
Cumming, A., Butler, R. P., Marcy, G. W., et al. 2008, PASP, 120,
531
Currie, T., & Sicilia-Aguilar, A. 2011, ApJ, 732, 24
Daemgen, S., Bonavita, M., Jayawardhana, R., Lafrenie`re, D., &
Janson, M. 2015, ApJ, 799, 155
D’Antona, F., & Mazzitelli, I. 1997, Mem. Soc. Astron. Italiana,
68, 807
Dauphas, N., & Pourmand, A. 2011, Nature, 473, 489
Dittmann, J. A., Irwin, J. M., Charbonneau, D., et al. 2017, Nature,
544, 333
Dobashi, K., Uehara, H., Kandori, R., et al. 2005, PASJ, 57, S1
Dullemond, C. P., & Dominik, C. 2005, A&A, 434, 971
Eisner, J. A., Bally, J. M., Ginsburg, A., & Sheehan, P. D. 2016,
ArXiv e-prints, arXiv:1604.03134 [astro-ph.SR]
Gaidos, E. 2017, MNRAS, 470, L1
Gennaro, M., Prada Moroni, P. G., & Tognelli, E. 2012, MNRAS,
420, 986
Gillon, M., Triaud, A. H. M. J., Demory, B.-O., et al. 2017, Nature,
542, 456
Guieu, S., Dougados, C., Monin, J.-L., Magnier, E., & Martı´n,
E. L. 2006, A&A, 446, 485
Helled, R., Anderson, J. D., Podolak, M., & Schubert, G. 2011,
ApJ, 726, 15
Henry, T. J., Jao, W.-C., Subasavage, J. P., et al. 2006, AJ, 132,
2360
Herczeg, G. J., & Hillenbrand, L. A. 2014, ApJ, 786, 97
Hildebrand, R. H. 1983, QJRAS, 24, 267
Itoh, Y., Tamura, M., & Nakajima, T. 1999, AJ, 117, 1471
Johansen, A., & Youdin, A. 2007, ApJ, 662, 627
Johnson, J. A., Clanton, C., Howard, A. W., et al. 2011, ApJS, 197,
26
Jørgensen, B. R., & Lindegren, L. 2005, A&A, 436, 127
Kelly, B. C. 2007, ApJ, 665, 1489
Kenyon, S. J., Dobrzycka, D., & Hartmann, L. 1994, AJ, 108, 1872
Kenyon, S. J., & Hartmann, L. 1995, ApJS, 101, 117
Konopacky, Q. M., Ghez, A. M., Rice, E. L., & Ducheˆne, G. 2007,
ApJ, 663, 394
Kraus, A. L., & Hillenbrand, L. A. 2007, ApJ, 662, 413
—. 2009, ApJ, 704, 531
Kraus, A. L., Ireland, M. J., Hillenbrand, L. A., & Martinache, F.
2012, ApJ, 745, 19
Lambrechts, M., & Johansen, A. 2012, A&A, 544, A32
Lee, N., Williams, J. P., & Cieza, L. A. 2011, ApJ, 736, 135
Le´pine, S. 2005, AJ, 130, 1247
Levison, H. F., Kretke, K. A., & Duncan, M. J. 2015a, Nature, 524,
322
Levison, H. F., Kretke, K. A., Walsh, K. J., & Bottke, W. F. 2015b,
Proceedings of the National Academy of Science, 112, 14180
Lodders, K. 2003, ApJ, 591, 1220
Luhman, K. L. 2004, ApJ, 617, 1216
885µM ALMA SURVEY OF STELLAR/SUBSTELLAR PROTOPLANETARY DISK MASSES 23
Luhman, K. L., Allen, P. R., Espaillat, C., Hartmann, L., & Calvet,
N. 2010, ApJS, 186, 111
Luhman, K. L., Mamajek, E. E., Allen, P. R., & Cruz, K. L. 2009,
ApJ, 703, 399
Luhman, K. L., & Rieke, G. H. 1996, ApJ, 461, 298
Luhman, K. L., Stauffer, J. R., Muench, A. A., et al. 2003, ApJ,
593, 1093
Luhman, K. L., Whitney, B. A., Meade, M. R., et al. 2006, ApJ,
647, 1180
Luhman, K. L., Lada, C. J., Hartmann, L., et al. 2005, ApJL, 631,
L69
MacPherson, G. J., Davis, A. M., & Zinner, E. K. 1995,
Meteoritics, 30, 365
Martı´n, E. L., Dougados, C., Magnier, E., et al. 2001, ApJL, 561,
L195
Mathews, G. S., Pinte, C., Ducheˆne, G., Williams, J. P., & Me´nard,
F. 2013, A&A, 558, A66
Mathews, G. S., Williams, J. P., & Me´nard, F. 2012, ApJ, 753, 59
McMullin, J. P., Waters, B., Schiebel, D., Young, W., & Golap, K.
2007, in Astronomical Society of the Pacific Conference Series,
Vol. 376, Astronomical Data Analysis Software and Systems
XVI, ed. R. A. Shaw, F. Hill, & D. J. Bell, 127
Mulders, G. D., Pascucci, I., & Apai, D. 2015, ApJ, 814, 130
Pascucci, I., Testi, L., Herczeg, G. J., et al. 2016, ApJ, 831, 125
Pecaut, M. J., & Mamajek, E. E. 2013, ApJS, 208, 9
Pecaut, M. J., Mamajek, E. E., & Bubar, E. J. 2012, ApJ, 746, 154
Pe´rez, L. M., Chandler, C. J., Isella, A., et al. 2015, ApJ, 813, 41
Petry, D., Vila-Vilaro, B., Villard, E., Komugi, S., & Schnee, S.
2014, in Proc. SPIE, Vol. 9152, Software and
Cyberinfrastructure for Astronomy III, 91520J
Pinte, C., Harries, T. J., Min, M., et al. 2009, A&A, 498, 967
Pinte, C., Me´nard, F., Ducheˆne, G., & Bastien, P. 2006, A&A, 459,
797
Poglitsch, A., Waelkens, C., Geis, N., et al. 2010, A&A, 518, L2
Pollack, J. B., Hubickyj, O., Bodenheimer, P., et al. 1996, Icarus,
124, 62
Ricci, L., Testi, L., Natta, A., et al. 2010, A&A, 512, A15
—. 2014, ApJ, 791, 20
Robitaille, T., & Bressert, E. 2012, APLpy: Astronomical Plotting
Library in Python, Astrophysics Source Code Library,
ascl:1208.017
Russell, S. S., Hartmann, L., Cuzzi, J., et al. 2006, Timescales of
the Solar Protoplanetary Disk, ed. D. S. Lauretta & H. Y.
McSween, 233
Schlieder, J. E., Beichman, C. A., Meyer, M. R., & Greene, T.
2016, in IAU Symposium, Vol. 314, Young Stars and Planets
Near the Sun, ed. J. H. Kastner, B. Stelzer, & S. A. Metchev, 288
Scholz, A., Jayawardhana, R., & Wood, K. 2006, ApJ, 645, 1498
Siess, L., Dufour, E., & Forestini, M. 2000, A&A, 358, 593
Slesnick, C. L., Carpenter, J. M., Hillenbrand, L. A., & Mamajek,
E. E. 2006, AJ, 132, 2665
Testi, L., Natta, A., Scholz, A., et al. 2016, A&A, 593, A111
Todorov, K., Luhman, K. L., & McLeod, K. K. 2010, ApJL, 714,
L84
Torres, R. M., Loinard, L., Mioduszewski, A. J., & Rodrı´guez,
L. F. 2009, ApJ, 698, 242
van der Plas, G., Me´nard, F., Ward-Duong, K., et al. 2016, ApJ,
819, 102
Weidenschilling, S. J. 1977, Ap&SS, 51, 153
White, R. J., & Basri, G. 2003, ApJ, 582, 1109
Williams, J. P., Cieza, L. A., Andrews, S. M., et al. 2013, MNRAS,
435, 1671
Youdin, A., & Johansen, A. 2007, ApJ, 662, 613
Youdin, A. N., & Goodman, J. 2005, ApJ, 620, 459
Zacharias, N., Finch, C., Subasavage, J., et al. 2015, AJ, 150, 101
24 WARD-DUONG ET AL.
F5 G0 G5 K0 K5 M0 M2 M4 M6 M8
Spectral Type
2000
3000
4000
5000
6000
7000
8000
T
ef
f
(K
)
Figure 16. Correspondence between spectral type and effective temperature as provided in Herczeg & Hillenbrand (2014). A least-squared
univariate spline interpolation (blue line) is used to provide fractional subclasses of spectral types.
APPENDIX
A. CENTRAL OBJECT SPECTRAL TYPE, TEMPERATURES, AND MASSES
A uniform procedure was applied to estimate the central object mass for all of the Taurus, Upper Sco, and Rho Oph members
considered in this study of disk mass as a function of host mass (Figures 10–14)4. The observable measured for all objects is
the spectral type, and the transformation to mass required two main steps: (1) converting spectral type to effective temperature
(Teff) with an empirical relation and (2) converting Teff into mass with theoretical evolutionary models. The impact due to the
choice of age and evolutionary model was investigated and comparisons with previous results for Taurus members were explored.
Overall, the adopted evolutionary model had the largest effect on mass estimation, more important than the specific age assumed
for the region or the spectral type-Teff relation.
The empirical relation developed to convert observed spectral types into effective temperatures is shown in Figure 16
(Herczeg & Hillenbrand 2014). This more recent transformation builds upon the relationship developed in Luhman et al. (2003)
and covers a larger range of spectral types, and we applied a least-squared univariate spline interpolation to this relation to account
for non-integer spectral types. Table 14 reports the spectral types and uncertainties from the literature along with estimated Teff
for all objects considered in this study from Taurus (Andrews et al. 2013), Upper Sco (Mathews et al. 2012; van der Plas et al.
2016; Barenfeld et al. 2016), and Rho Oph (Testi et al. 2016). The most recent spectral type is used for sources with multiple
values, and uncertainty of ±0.5 subclasses is applied to any object without a reported uncertainty.
Combining the effective temperature with an age, the mass was estimated in conjunction with an evolutionary model. Typical
ages reported for the Taurus region range from 0-5 Myr, with isochrone fitting to the cluster sequence tracing a canonical value
of 1-2 Myr (Kraus & Hillenbrand 2009). For objects cooler than ∼4500 K, the evolutionary models of Baraffe et al. (1998)
have been widely adopted, although the updated grid from Baraffe et al. (2015) is now available. Figures 17 and 18 show the
impact of the choice of age and evolutionary model for the cooler Taurus members and highlight that the evolutionary model
has the dominant systematic effect on the mass estimation, with the newer models yielding a lower mass for the same effective
temperature. For this study, an age of 1 Myr and the Baraffe et al. (2015) model grid were used in the mass determination for
objects with Teff ≤ 4211 K, corresponding to spectral types of approximately K7 or later. For earlier spectral types with higher
effective temperatures, the MESA models (Choi et al. 2016) were applied, and the full mass vs. Teff sequences for 1 and 2 Myr
models are shown in Figures 19 and 20. The newer Baraffe et al. (2015) models connect with the MESA models. Figures 19 and
20 also plot the luminosity as a function of Teff from the evolutionary models, since the central object luminosity is required to
estimate the disk dust temperature, which is used for the calculation of disk dust mass.
4 Example analysis scripts and auxiliary data for the methods described in Appendices A and B are available at https://osf.io/9dyx4.
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Figure 17. Interpolation over mass and effective temperature as provided in the 1 Myr Baraffe et al. (1998) models.
Figure 18. Interpolation over mass and effective temperature for each of the 1 and 2 Myr models provided by Baraffe et al. (1998, 2015).
Figure 19. Interpolation over mass and effective temperature for the 1 Myr models provided by Baraffe et al. (1998, 2015), and from the
MESA grid of models (Choi et al. 2016), adopted for the derivation of central object mass for stars with temperatures corresponding to masses
greater than 1.4 M.
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Figure 20. Interpolation over mass and effective temperature for the 2 Myr models provided by Baraffe et al. (1998, 2015), and from the
MESA grid of models (Choi et al. 2016), adopted for the derivation of central object mass for stars with temperatures corresponding to masses
greater than 1.4 M.
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Figure 21. Comparison between the estimated stellar masses from Andrews et al. (2013), using the Baraffe et al. (1998) model grid, and the
newly derived masses using the approach described in this paper and the newer Baraffe et al. (2015) models.
The resulting masses for all Taurus members with submillimeter detections were compared with the masses reported for
Class II members in the SMA dish survey which formed the higher mass comparison sample (Andrews et al. 2013). The ap-
proach to estimating masses in the SMA study applied Bayesian inference techniques from Jørgensen & Lindegren (2005) and
Gennaro et al. (2012), first treating stellar luminosity and Av as free parameters in fits of template stellar photosphere models to
optical/NIR SEDs, and then evaluating a corresponding conditional likelihood function to best-fit stellar masses and ages from
three suites of pre-main sequence stellar evolution grids (D’Antona & Mazzitelli 1997; Baraffe et al. 1998; Siess et al. 2000). For
consistency, the values reported from the Baraffe et al. (1998) grid in Andrews et al. (2013) are used as comparison values for the
results in this appendix.
The comparison with the literature masses and mass estimated from the spectral type, age of 1 Myr and Baraffe et al. (1998)
grid is given in Figure 21 to consider the effect of using different approaches. The differences are negligible for objects fit with an
age of 1 Myr, within ±0.1 M (comparable to the range from ±0.5 uncertainty in spectral type) for masses ≤1M and show a
larger scatter of±0.3M for the higher mass objects. Figure 22 shows the Taurus masses used in this study compared to the SMA
survey, and the larger, systematic difference is dominated by the adoption of the newer model grid, following the trend shown
in Figure 18. To understand whether the departure between older and newer vintages of the evolutionary model grids followed
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Figure 22. Comparison of stellar masses derived using the Baraffe et al. (1998) and Baraffe et al. (2015) models.
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
Andrews B98 Mass (M¯)
0.0
0.2
0.4
0.6
0.8
1.0
1.2
1.4
N
ew
B
98
D
er
iv
ed
M
as
s
fr
om
Sp
Ty
,1
M
yr
(M
¯)
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0
A
ge
(M
yr
)
Figure 23. 1 Myr comparison of the stellar masses derived using the approach described in this paper and the estimated stellar masses from
Andrews et al. (2013), both using the Baraffe et al. (1998) evolutionary model grid. The colorbar represents the derived age of the targets from
the Bayesian analysis presented in Andrews et al. (2013).
a systematic trend with the estimated ages of the targets from Andrews et al. (2013), the estimated stellar mass comparisons are
also shown color-coded with the ages from the Bayesian inference approach in Figures 23 and 24. While Taurus members with
older assigned ages from Andrews et al. (2013) show a more significant departure from the 1:1 relation, as to be expected, the
difference in model grids remains the dominant factor. A similar comparison was performed for the Upper Sco population from
Barenfeld et al. (2016) in Figure 25, demonstrating a similar significant impact of stellar model selection on estimated stellar
mass, in this case between the Baraffe et al. (2015) models with the Siess et al. (2000) models.
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Figure 24. The same figure as in Figure 21, underscoring the difference between the older and newer evolutionary grids. The points are
color-coded to represent the derived age of the targets from the Bayesian analysis presented in Andrews et al. (2013).
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Figure 25. Comparison of the published stellar masses from (Barenfeld et al. 2016) and the re-derived stellar masses for the same population
used in this work, applying the uniform method described in Section 6.3 and Appendix A.
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Figure 26. Dust temperature - luminosity scaling relations at 1 Myr, adopted for targets in the Taurus star forming region, and used in the
estimation of dust temperatures for our TBOSS targets and those in Andrews et al. (2013).
B. COMPARISON OF ESTIMATED AND LITERATURE DUST MASSES
As described in Section 6.1, the calculated disk dust mass is dependent upon the assumed dust temperature, Tdust, which in
turn can be related to the central object luminosity, L, by the following prescription:
〈Tdust〉 = A(L∗/L)BK. (B1)
The power law coefficients, A and B, are typically assumed to be 25 and 1/4, respectively, based upon stellar models of
L∗ = 0.1 − 100L and assuming disks of radius 100 au. Revised procedures to generate the dust temperature-luminosity
scaling relations for lower-mass central objects, described in detail in van der Plas et al. (2016), are outlined briefly here in their
extension to the younger 1 Myr Taurus targets studied in this work. Relations are derived from grids of disk models which vary
the parameters of luminosity and disk outer radius, while fixing scale height and profile, inclination, inner radius, surface density
exponent, and disk mass (∼1% of the (sub)stellar mass). Figure 26 shows the resulting power-law relation and coefficients for
disks of different radii at 1 Myr, while Figure 27 shows the same relations for the 10 Myr objects. Power-law coefficients are
provided for the range of disk radii explored from 10 au to 200 au.
Following the approach outlined in Section 6.1, we then use the adopted dust temperatures from the revised power-law rela-
tions to infer the disk mass in sub-millimeter sized grains, using the flux density, dust opacity, and distance to the targets. To
provide a uniform comparison with previous literature studies of disk-bearing objects in Upper Scorpius and Rho Ophiuchus,
we also recalculated the dust masses for objects from previous studies using the same approach. Reported fluxes and spectral
types from the previous surveys were used to re-estimate the stellar parameters of Teff and L (as described in Section A)
using the Baraffe et al. (2015) evolutionary models. The revised 1 Myr luminosity-dust temperature relations were applied to
the Rho Oph population from Testi et al. (2016), while the 10 Myr relations were applied to the Upper Sco population from
Mathews et al. (2012), Barenfeld et al. (2016), and van der Plas et al. (2016). For the Rho Oph population, the literature values
are plotted against the new dust mass estimates in Figure 28, which show agreement at the 20 per cent level, with systematically
higher previously-published values.
For the Upper Sco population, the literature and re-estimated dust mass comparison is shown for the Barenfeld et al. (2016)
detections and upper limits in Figure 29 and for the combined Upper Sco populations in Figure 30. The literature dust masses
and re-derived dust mass values using the approach described in this work are in close agreement, with no strong dependence on
stellar mass, emphasizing the dependence of Mdust-M∗ relations on the choice of stellar model, as illustrated in Appendix A.
The previous literature measurements and the re-derived dust masses from the uniform approach in this study agree at the 11
per cent level across all three Upper Sco surveys, with the higher-mass objects from Mathews et al. (2012) systematically higher
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Figure 27. 10 Myr scaling relations, used to enable comparison between our targets and older star forming regions; these relations were used
for dust temperature estimation for targets in Upper Sco.
Figure 28. Comparison of dust mass measurements for a sample of objects from Rho Ophiuchus from Testi et al. (2016) and the uniform
method of dust mass calculation presented in this study.
and the van der Plas et al. (2016) population systematically lower. Offsets for the lowest and highest-mass members presented
in van der Plas et al. (2016) and Mathews et al. (2012) may be explained by reporting of masses derived from radiative transfer
modeling, similar to the differences between the analytic approach and model-estimated masses seen in this study (Section 6.2).
The dust mass values recalculated in this work for each previous literature study is given in full in Table 14.
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Figure 29. Comparison of the published Upper Sco dust masses from Barenfeld et al. (2016) and the dust masses re-derived for the same
population, using the uniform method of dust mass calculation presented in this study.
Figure 30. Dust mass measurements for the combined sample of Upper Sco objects from Mathews et al. (2012), Barenfeld et al. (2016), and
van der Plas et al. (2016), compared with the re-derived masses using the uniform method of dust mass calculation presented in this study.
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Figure 31. Spectral energy distributions (SEDs) with best-fit models from MCFOST, for the stellar targets within this survey (M4-M5.75)
in order of increasing right ascension. Fluxes as a function of wavelength (µm; black symbols) are compiled from Bulger et al. (2014) with
the new 885µm measurements from this study, and upper limits are denoted with downward triangles where applicable. In addition to the
de-reddened stellar photosphere (gray) and best-fit full SED (red solid line), the contributing disk components are given by the following lines:
scattered light (blue dotted); direct starlight (magenta dashed); thermal emission (red dot-dashed); and scattered thermal emission (green dot-dot
dashed).
C. MCFOST RESULTS
This Appendix provides the spectral energy distributions for the targets within our survey, overlaid with the resulting best-fit
MCFOST models as described in Section 6.2. Data and fits for stellar hosts are shown in Figure 31 and for brown dwarfs in
Figure 32.
885µM ALMA SURVEY OF STELLAR/SUBSTELLAR PROTOPLANETARY DISK MASSES 33
Figure 32. Spectral energy distributions (SEDs) with best-fit models from MCFOST, for the substellar targets within this survey (M6 and later)
in order of increasing right ascension. Symbols and lines are as in Figure 31.
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D. TABLE OF STELLAR PARAMETERS AND DISK DUST MASSES FROM A UNIFORM APPROACH
In this Appendix, we provide the full set of stellar parameters and associated disk dust masses for the star-forming regions
described in this paper, applying the uniform methodology described in Appendices A and B. These results are summarized in
Table 14. In Table 15, we provide the full table of analytic dust masses for the TBOSS ALMA sample, corresponding to dust
temperatures for disks of radii ranging from 10 au – 200 au.
Table 14. Rederived stellar parameters and dust masses for our sample and comparison samples.
Name Source Region Age SpTy Teff Stellar Mass Log L∗ Mdust40 Mdust100 Mdust200
(Myr) (K) (M) (L) (M⊕) (M⊕) (M⊕)
J04292165 (1) Taurus 1 M6 2858 0.06 {0.05,0.09} -1.57 {-1.69,-1.24} 2.72 3.82 4.67
J04141188 (1) Taurus 1 M6.25 2836 0.05 {0.04,0.05} -1.63 {-1.75,-1.49} 0.41 0.57 0.70
J04230607 (1) Taurus 1 M6 2858 0.06 {0.05,0.09} -1.57 {-1.69,-1.24} 2.20 3.09 3.78
J04262939 (1) Taurus 1 M6 2858 0.06 {0.05,0.09} -1.57 {-1.69,-1.24} 2.00 2.81 3.43
J04381486 (1) Taurus 1 M7.25 2747 0.04 {0.03,0.04} -1.88 {-2.02,-1.75} 0.63 0.86 1.05
J04382134 (1) Taurus 1 M6.5 2814 0.05 {0.04,0.06} -1.69 {-1.81,-1.57} 1.12 1.57 1.92
J04390163 (1) Taurus 1 M6 2858 0.06 {0.05,0.09} -1.57 {-1.69,-1.24} 0.48 0.67 0.83
J04390396 (1) Taurus 1 M7.25 2747 0.04 {0.03,0.04} -1.88 {-2.02,-1.75} 1.13 1.56 1.90
J04400067 (1) Taurus 1 M6 2858 0.06 {0.05,0.09} -1.57 {-1.69,-1.24} 3.61 5.06 6.19
J04414825 (1) Taurus 1 M7.75 2696 0.03 {0.02,0.04} -2.02 {-2.15,-1.88} 1.73 2.36 2.88
J04144730 (1) Taurus 1 M4 3191 0.2 {0.16,0.25} -0.7 {-0.86,-0.58} 4.04 5.94 7.30
J04161210 (1) Taurus 1 M4.75 3027 0.14 {0.1,0.18} -0.96 {-1.15,-0.78} 1.44 2.09 2.56
J04181710 (1) Taurus 1 M5.75 2883 0.05 {0.05,0.1} -1.49 {-1.63,-1.15} 0.47 0.67 0.82
J04202555 (1) Taurus 1 M5.25 2943 0.1 {0.05,0.14} -1.15 {-1.49,-0.96} 5.18 7.45 9.13
J04284263 (1) Taurus 1 M5.25 2943 0.1 {0.05,0.14} -1.15 {-1.49,-0.96} 0.43 0.62 0.76
J04322210 (1) Taurus 1 M4.75 3027 0.14 {0.1,0.18} -0.96 {-1.15,-0.78} 14.02 20.35 24.98
J04334465 (1) Taurus 1 M4.75 3027 0.14 {0.1,0.18} -0.96 {-1.15,-0.78} 10.14 14.72 18.07
J04385859 (1) Taurus 1 M4.25 3133 0.18 {0.14,0.22} -0.78 {-0.96,-0.64} 6.78 9.93 12.21
J04393364 (1) Taurus 1 M5 2982 0.12 {0.09,0.16} -1.06 {-1.24,-0.86} 2.53 3.65 4.48
J04394488 (1) Taurus 1 M5 2982 0.12 {0.09,0.16} -1.06 {-1.24,-0.86} 3.01 4.35 5.33
J04555605 (1) Taurus 1 M4 3191 0.2 {0.16,0.25} -0.7 {-0.86,-0.58} 0.22 0.32 0.40
J05075496 (1) Taurus 1 M4 3191 0.2 {0.16,0.25} -0.7 {-0.86,-0.58} 0.62 0.92 1.13
GK Tau (2) Taurus 1 K7 4020 0.65 {0.64,0.67} -0.01 {-0.02,0.01} 1.16 1.76 2.18
HQ Tau (2) Taurus 1 K2 4710 1.3 {1.21,1.37} 0.5 {0.44,0.54} 1.25 1.95 2.42
JH 112 A (2) Taurus 1 K6 4086 0.7 {0.67,0.75} 0.04 {0.01,0.09} 1.45 2.20 2.72
FQ Tau A (2) Taurus 1 M3 3407 0.29 {0.25,0.33} -0.5 {-0.58,-0.43} 1.56 2.31 2.84
CoKu Tau/4 AB (2) Taurus 1 M1.5 3637 0.4 {0.36,0.45} -0.32 {-0.38,-0.25} 1.58 2.37 2.92
FV Tau B (2) Taurus 1 K6 4086 0.7 {0.67,0.75} 0.04 {0.01,0.09} 1.59 2.42 3.00
DF Tau AB (2) Taurus 1 M2 3561 0.36 {0.33,0.4} -0.38 {-0.43,-0.32} 1.60 2.39 2.94
RW Aur B (2) Taurus 1 K5 4210 0.82 {0.75,0.91} 0.14 {0.09,0.21} 1.81 2.77 3.43
XZ Tau A (2) Taurus 1 M2 3561 0.36 {0.33,0.4} -0.38 {-0.43,-0.32} 1.82 2.71 3.34
DD Tau B (2) Taurus 1 M3.5 3305 0.25 {0.2,0.29} -0.58 {-0.7,-0.5} 1.84 2.71 3.34
UY Aur B (2) Taurus 1 M2.5 3489 0.33 {0.29,0.36} -0.43 {-0.5,-0.38} 1.88 2.79 3.44
IT Tau A (2) Taurus 1 K3 4566 1.11 {1.01,1.21} 0.38 {0.31,0.44} 1.94 3.00 3.73
Haro 6-28 A (2) Taurus 1 M2 3561 0.36 {0.33,0.4} -0.38 {-0.43,-0.32} 2.00 2.98 3.68
FV Tau A (2) Taurus 1 K5 4210 0.82 {0.75,0.91} 0.14 {0.09,0.21} 2.05 3.14 3.89
V955 Tau A (2) Taurus 1 K7 4020 0.65 {0.64,0.67} -0.01 {-0.02,0.01} 2.08 3.16 3.91
GN Tau A (2) Taurus 1 M2.5 3489 0.33 {0.29,0.36} -0.43 {-0.5,-0.38} 2.25 3.35 4.12
IT Tau B (2) Taurus 1 M4 3191 0.2 {0.16,0.25} -0.7 {-0.86,-0.58} 2.41 3.53 4.34
Table 14 continued
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Table 14 (continued)
Name Source Region Age SpTy Teff Stellar Mass Log L∗ Mdust40 Mdust100 Mdust200
(Myr) (K) (M) (L) (M⊕) (M⊕) (M⊕)
FO Tau A (2) Taurus 1 M3.5 3305 0.25 {0.2,0.29} -0.58 {-0.7,-0.5} 2.65 3.92 4.82
GH Tau A (2) Taurus 1 M2 3561 0.36 {0.33,0.4} -0.38 {-0.43,-0.32} 2.73 4.07 5.01
IRAS 04301+2608 (2) Taurus 1 M0 3898 0.56 {0.5,0.6} -0.11 {-0.17,-0.06} 2.82 4.27 5.27
JH 112 B (2) Taurus 1 M8.5 2619 0.02 {0.02,0.03} -2.21 {-2.31,-2.09} 2.95 3.98 4.84
V807 Tau A (2) Taurus 1 K7 4020 0.65 {0.64,0.67} -0.01 {-0.02,0.01} 2.97 4.52 5.59
J04334171+1750402 (2) Taurus 1 M4 3191 0.2 {0.16,0.25} -0.7 {-0.86,-0.58} 3.43 5.04 6.20
CFHT 4 (2) Taurus 1 M7 2770 0.04 {0.03,0.05} -1.81 {-1.95,-1.69} 3.98 5.51 6.72
FX Tau A (2) Taurus 1 M1 3722 0.45 {0.4,0.5} -0.25 {-0.32,-0.17} 4.06 6.10 7.53
V410 X-ray 2 (2) Taurus 1 M0 3898 0.56 {0.5,0.6} -0.11 {-0.17,-0.06} 4.09 6.19 7.64
FM Tau (2) Taurus 1 M0 3898 0.56 {0.5,0.6} -0.11 {-0.17,-0.06} 4.52 6.83 8.43
GI Tau (2) Taurus 1 K7 4020 0.65 {0.64,0.67} -0.01 {-0.02,0.01} 4.66 7.07 8.74
HN Tau A (2) Taurus 1 K5 4210 0.82 {0.75,0.91} 0.14 {0.09,0.21} 4.66 7.13 8.83
IS Tau A (2) Taurus 1 M0 3898 0.56 {0.5,0.6} -0.11 {-0.17,-0.06} 4.71 7.11 8.79
CX Tau (2) Taurus 1 M2.5 3489 0.33 {0.29,0.36} -0.43 {-0.5,-0.38} 4.71 7.00 8.63
FZ Tau (2) Taurus 1 M0 3898 0.56 {0.5,0.6} -0.11 {-0.17,-0.06} 4.80 7.26 8.96
J04333278+1800436 (2) Taurus 1 M1 3722 0.45 {0.4,0.5} -0.25 {-0.32,-0.17} 4.86 7.30 9.00
DD Tau A (2) Taurus 1 M3.5 3305 0.25 {0.2,0.29} -0.58 {-0.7,-0.5} 4.90 7.24 8.90
IP Tau (2) Taurus 1 M0 3898 0.56 {0.5,0.6} -0.11 {-0.17,-0.06} 5.02 7.59 9.37
FY Tau (2) Taurus 1 K5 4210 0.82 {0.75,0.91} 0.14 {0.09,0.21} 5.15 7.88 9.76
CIDA 8 (2) Taurus 1 M3.5 3305 0.25 {0.2,0.29} -0.58 {-0.7,-0.5} 5.37 7.93 9.76
IRAS 04414+2506 (2) Taurus 1 M7.25 2747 0.04 {0.03,0.04} -1.88 {-2.02,-1.75} 5.38 7.41 9.04
KPNO 10 (2) Taurus 1 M5 2982 0.12 {0.09,0.16} -1.06 {-1.24,-0.86} 5.51 7.95 9.75
DS Tau (2) Taurus 1 K5 4210 0.82 {0.75,0.91} 0.14 {0.09,0.21} 5.55 8.49 10.51
UY Aur A (2) Taurus 1 M0 3898 0.56 {0.5,0.6} -0.11 {-0.17,-0.06} 6.12 9.25 11.42
SU Aur (2) Taurus 1 G8 5180 2.38 {2.16,2.54} 0.97 {0.88,1.03} 6.40 10.19 12.72
UZ Tau Wa (2) Taurus 1 M2 3561 0.36 {0.33,0.4} -0.38 {-0.43,-0.32} 6.43 9.60 11.83
RW Aur A (2) Taurus 1 K2.5 4646 1.21 {1.11,1.3} 0.44 {0.38,0.5} 6.56 10.19 12.65
HV Tau C (2) Taurus 1 K6 4086 0.7 {0.67,0.75} 0.04 {0.01,0.09} 6.85 10.44 12.91
IRAS 04125+2902 (2) Taurus 1 M1.25 3678 0.42 {0.38,0.47} -0.28 {-0.35,-0.21} 6.90 10.35 12.77
HO Tau (2) Taurus 1 M0.5 3815 0.5 {0.45,0.56} -0.17 {-0.25,-0.11} 6.94 10.46 12.92
FS Tau A (2) Taurus 1 M0 3898 0.56 {0.5,0.6} -0.11 {-0.17,-0.06} 7.04 10.65 13.15
J04153916+2818586 (2) Taurus 1 M3.75 3248 0.22 {0.18,0.27} -0.64 {-0.78,-0.54} 7.37 10.86 13.36
XEST 13-010 (2) Taurus 1 M3 3407 0.29 {0.25,0.33} -0.5 {-0.58,-0.43} 7.72 11.45 14.10
UZ Tau Wb (2) Taurus 1 M3 3407 0.29 {0.25,0.33} -0.5 {-0.58,-0.43} 7.79 11.56 14.24
DH Tau A (2) Taurus 1 M1 3722 0.45 {0.4,0.5} -0.25 {-0.32,-0.17} 7.96 11.95 14.74
HK Tau B (2) Taurus 1 M2 3561 0.36 {0.33,0.4} -0.38 {-0.43,-0.32} 8.28 12.36 15.24
V409 Tau (2) Taurus 1 M1.5 3637 0.4 {0.36,0.45} -0.32 {-0.38,-0.25} 8.58 12.84 15.83
DK Tau A (2) Taurus 1 K8 4004 0.64 {0.63,0.64} -0.02 {-0.03,-0.02} 8.61 13.07 16.16
IRAS 04385+2550 (2) Taurus 1 M0 3898 0.56 {0.5,0.6} -0.11 {-0.17,-0.06} 9.30 14.06 17.37
CIDA 7 (2) Taurus 1 M4.75 3027 0.14 {0.1,0.18} -0.96 {-1.15,-0.78} 9.68 14.04 17.22
FN Tau (2) Taurus 1 M5 2982 0.12 {0.09,0.16} -1.06 {-1.24,-0.86} 9.87 14.23 17.45
J04155799+2746175 (2) Taurus 1 M5.5 2911 0.09 {0.06,0.12} -1.24 {-1.57,-1.06} 9.94 14.21 17.39
V836 Tau (2) Taurus 1 K7 4020 0.65 {0.64,0.67} -0.01 {-0.02,0.01} 10.01 15.21 18.80
CIDA 1 (2) Taurus 1 M5.5 2911 0.09 {0.06,0.12} -1.24 {-1.57,-1.06} 10.67 15.24 18.66
LR 1 (2) Taurus 1 K4.5 4293 0.84 {0.78,0.92} 0.17 {0.12,0.24} 10.84 16.62 20.58
CIDA 9 A (2) Taurus 1 K8 4004 0.64 {0.63,0.64} -0.02 {-0.03,-0.02} 11.53 17.51 21.64
HK Tau A (2) Taurus 1 M0.5 3815 0.5 {0.45,0.56} -0.17 {-0.25,-0.11} 13.19 19.87 24.53
HP Tau (2) Taurus 1 K3 4566 1.11 {1.01,1.21} 0.38 {0.31,0.44} 13.77 21.32 26.45
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Name Source Region Age SpTy Teff Stellar Mass Log L∗ Mdust40 Mdust100 Mdust200
(Myr) (K) (M) (L) (M⊕) (M⊕) (M⊕)
DE Tau (2) Taurus 1 M1 3722 0.45 {0.4,0.5} -0.25 {-0.32,-0.17} 14.28 21.43 26.44
J04333905+2227207 (2) Taurus 1 M1.75 3598 0.38 {0.34,0.42} -0.35 {-0.4,-0.28} 14.48 21.64 26.67
UX Tau A (2) Taurus 1 K2 4710 1.3 {1.21,1.37} 0.5 {0.44,0.54} 17.02 26.50 32.92
IRAS 04200+2759 (2) Taurus 1 M2 3561 0.36 {0.33,0.4} -0.38 {-0.43,-0.32} 17.37 25.92 31.94
FT Tau (2) Taurus 1 M0 3898 0.56 {0.5,0.6} -0.11 {-0.17,-0.06} 19.09 28.85 35.64
BP Tau (2) Taurus 1 K7 4020 0.65 {0.64,0.67} -0.01 {-0.02,0.01} 19.29 29.30 36.23
V710 Tau A (2) Taurus 1 M0.5 3815 0.5 {0.45,0.56} -0.17 {-0.25,-0.11} 19.40 29.23 36.09
CW Tau (2) Taurus 1 K3 4566 1.11 {1.01,1.21} 0.38 {0.31,0.44} 19.41 30.04 37.28
AA Tau (2) Taurus 1 K7 4020 0.65 {0.64,0.67} -0.01 {-0.02,0.01} 20.74 31.50 38.94
IRAS 04370+2559 (2) Taurus 1 M0 3898 0.56 {0.5,0.6} -0.11 {-0.17,-0.06} 21.17 32.01 39.54
IRAS 04196+2638 (2) Taurus 1 M1 3722 0.45 {0.4,0.5} -0.25 {-0.32,-0.17} 22.56 33.87 41.78
J04202144+2813491 (2) Taurus 1 M1 3722 0.45 {0.4,0.5} -0.25 {-0.32,-0.17} 23.18 34.81 42.94
IRAS 04429+1550 (2) Taurus 1 M2.5 3489 0.33 {0.29,0.36} -0.43 {-0.5,-0.38} 24.98 37.17 45.79
GO Tau (2) Taurus 1 M0 3898 0.56 {0.5,0.6} -0.11 {-0.17,-0.06} 25.47 38.50 47.56
IQ Tau (2) Taurus 1 M0.5 3815 0.5 {0.45,0.56} -0.17 {-0.25,-0.11} 27.12 40.87 50.46
CY Tau (2) Taurus 1 M1.5 3637 0.4 {0.36,0.45} -0.32 {-0.38,-0.25} 28.77 43.06 53.09
DN Tau (2) Taurus 1 M0 3898 0.56 {0.5,0.6} -0.11 {-0.17,-0.06} 32.95 49.81 61.53
DQ Tau AB (2) Taurus 1 M0 3898 0.56 {0.5,0.6} -0.11 {-0.17,-0.06} 33.05 49.96 61.71
Haro 6-37 C (2) Taurus 1 M1 3722 0.45 {0.4,0.5} -0.25 {-0.32,-0.17} 36.92 55.43 68.39
IRAS 04260+2642 (2) Taurus 1 K5.5 4141 0.75 {0.7,0.82} 0.09 {0.04,0.14} 38.21 58.31 72.15
CI Tau (2) Taurus 1 K7 4020 0.65 {0.64,0.67} -0.01 {-0.02,0.01} 39.21 59.56 73.63
DO Tau (2) Taurus 1 M0 3898 0.56 {0.5,0.6} -0.11 {-0.17,-0.06} 39.65 59.94 74.04
DM Tau (2) Taurus 1 M1 3722 0.45 {0.4,0.5} -0.25 {-0.32,-0.17} 40.13 60.26 74.35
Haro 6-13 (2) Taurus 1 M0 3898 0.56 {0.5,0.6} -0.11 {-0.17,-0.06} 42.90 64.85 80.10
DR Tau (2) Taurus 1 K5 4210 0.82 {0.75,0.91} 0.14 {0.09,0.21} 43.14 66.02 81.74
LkCa 15 (2) Taurus 1 K5 4210 0.82 {0.75,0.91} 0.14 {0.09,0.21} 52.77 80.76 99.99
RY Tau (2) Taurus 1 K1 4789 1.42 {1.37,1.48} 0.57 {0.54,0.6} 54.76 85.56 106.38
MHO 2 AB (2) Taurus 1 M2.5 3489 0.33 {0.29,0.36} -0.43 {-0.5,-0.38} 56.57 84.18 103.71
UZ Tau Eab (2) Taurus 1 M1 3722 0.45 {0.4,0.5} -0.25 {-0.32,-0.17} 58.79 88.28 108.92
T Tau N (2) Taurus 1 K0 4871 1.57 {1.48,1.71} 0.65 {0.6,0.71} 60.25 94.49 117.56
GM Aur (2) Taurus 1 K3 4566 1.11 {1.01,1.21} 0.38 {0.31,0.44} 66.26 102.56 127.26
DL Tau (2) Taurus 1 K7 4020 0.65 {0.64,0.67} -0.01 {-0.02,0.01} 69.94 106.24 131.34
ZZ Tau IRS (2) Taurus 1 M5 2982 0.12 {0.09,0.16} -1.06 {-1.24,-0.86} 74.68 107.72 132.08
MHO 1 (2) Taurus 1 M2.5 3489 0.33 {0.29,0.36} -0.43 {-0.5,-0.38} 99.28 147.75 182.01
DG Tau (2) Taurus 1 K6 4086 0.7 {0.67,0.75} 0.04 {0.01,0.09} 136.59 208.01 257.28
GG Tau Aab (2) Taurus 1 K7 4020 0.65 {0.64,0.67} -0.01 {-0.02,0.01} 200.02 303.82 375.62
SONYC-RhoOph-8 (3) Rho Oph 1 M7 2770 0.04 {0.03,0.05} -1.81 {-1.95,-1.69} 0.44 0.61 0.74
ISO-Oph023 (3) Rho Oph 1 M7 2770 0.04 {0.03,0.05} -1.81 {-1.95,-1.69} 0.66 0.91 1.11
ISO-Oph030 (3) Rho Oph 1 M7 2770 0.04 {0.03,0.05} -1.81 {-1.95,-1.69} 2.10 2.91 3.56
ISO-Oph032 (3) Rho Oph 1 M6.5 2814 0.05 {0.04,0.06} -1.69 {-1.81,-1.57} 0.72 1.01 1.23
ISO-Oph033 (3) Rho Oph 1 M8 2670 0.03 {0.02,0.03} -2.09 {-2.21,-1.95} 0.69 0.94 1.15
ISO-Oph042 (3) Rho Oph 1 M5 2982 0.12 {0.09,0.16} -1.06 {-1.24,-0.86} 1.12 1.62 1.99
ISO-Oph102 (3) Rho Oph 1 M5 2982 0.12 {0.09,0.16} -1.06 {-1.24,-0.86} 1.02 1.47 1.80
ISO-Oph138 (3) Rho Oph 1 M7.75 2696 0.03 {0.02,0.04} -2.02 {-2.15,-1.88} 1.01 1.39 1.69
GY92-264 (3) Rho Oph 1 M8 2670 0.03 {0.02,0.03} -2.09 {-2.21,-1.95} 2.19 2.98 3.63
ISO-Oph160 (3) Rho Oph 1 M7.5 2722 0.03 {0.03,0.04} -1.95 {-2.09,-1.81} 3.67 5.04 6.14
ISO-Oph193 (3) Rho Oph 1 M6 2858 0.06 {0.05,0.09} -1.57 {-1.69,-1.24} 3.22 4.52 5.53
2MASSJ15354856-2958551 (4) Upper Sco 10 M4 3191 0.16 {0.1,0.25} -1.55 {-1.78,-1.35} 0.80 1.15 1.54
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Name Source Region Age SpTy Teff Stellar Mass Log L∗ Mdust40 Mdust100 Mdust200
(Myr) (K) (M) (L) (M⊕) (M⊕) (M⊕)
2MASSJ15514032-2146103 (4) Upper Sco 10 M4 3191 0.16 {0.1,0.25} -1.55 {-1.78,-1.35} 0.32 0.46 0.61
2MASSJ15530132-2114135 (4) Upper Sco 10 M4 3191 0.16 {0.1,0.25} -1.55 {-1.78,-1.35} 2.40 3.47 4.63
2MASSJ15534211-2049282 (4) Upper Sco 10 M3.5 3305 0.25 {0.16,0.33} -1.35 {-1.55,-1.2} 1.07 1.56 2.06
2MASSJ15582981-2310077 (4) Upper Sco 10 M3 3407 0.33 {0.25,0.39} -1.2 {-1.35,-1.09} 1.93 2.85 3.74
2MASSJ16001844-2230114 (4) Upper Sco 10 M4.5 3078 0.1 {0.08,0.16} -1.78 {-1.99,-1.55} 1.89 2.69 3.65
2MASSJ16014086-2258103 (4) Upper Sco 10 M4 3191 0.16 {0.1,0.25} -1.55 {-1.78,-1.35} 1.43 2.07 2.76
2MASSJ16014157-2111380 (4) Upper Sco 10 M4 3191 0.16 {0.1,0.25} -1.55 {-1.78,-1.35} 0.27 0.40 0.53
2MASSJ16020757-2257467 (4) Upper Sco 10 M2.5 3489 0.39 {0.33,0.45} -1.09 {-1.2,-1} 1.62 2.40 3.13
2MASSJ16024152-2138245 (4) Upper Sco 10 M4.75 3027 0.09 {0.07,0.12} -1.89 {-2.07,-1.66} 5.39 7.66 10.45
2MASSJ16030161-2207523 (4) Upper Sco 10 M4.75 3027 0.09 {0.07,0.12} -1.89 {-2.07,-1.66} 1.48 2.10 2.86
2MASSJ16032225-2413111 (4) Upper Sco 10 M3.5 3305 0.25 {0.16,0.33} -1.35 {-1.55,-1.2} 0.88 1.29 1.70
2MASSJ16035767-2031055 (4) Upper Sco 10 K5 4210 0.9 {0.86,0.95} -0.44 {-0.49,-0.39} 0.90 1.37 1.75
2MASSJ16035793-1942108 (4) Upper Sco 10 M2 3561 0.45 {0.39,0.5} -1 {-1.09,-0.92} 0.34 0.51 0.66
2MASSJ16041740-1942287 (4) Upper Sco 10 M3.5 3305 0.25 {0.16,0.33} -1.35 {-1.55,-1.2} 0.32 0.47 0.63
2MASSJ16043916-1942459 (4) Upper Sco 10 M3.25 3359 0.29 {0.2,0.36} -1.27 {-1.45,-1.14} 0.17 0.25 0.33
2MASSJ16052556-2035397 (4) Upper Sco 10 M5 2982 0.08 {0.06,0.1} -1.99 {-2.13,-1.78} 0.87 1.22 1.68
2MASSJ16054540-2023088 (4) Upper Sco 10 M2 3561 0.45 {0.39,0.5} -1 {-1.09,-0.92} 2.23 3.31 4.31
2MASSJ16062196-1928445 (4) Upper Sco 10 M0 3898 0.69 {0.63,0.73} -0.67 {-0.74,-0.63} 0.98 1.47 1.89
2MASSJ16062277-2011243 (4) Upper Sco 10 M5 2982 0.08 {0.06,0.1} -1.99 {-2.13,-1.78} 0.33 0.47 0.65
2MASSJ16063539-2516510 (4) Upper Sco 10 M4.5 3078 0.1 {0.08,0.16} -1.78 {-1.99,-1.55} 0.82 1.17 1.59
2MASSJ16064102-2455489 (4) Upper Sco 10 M4.5 3078 0.1 {0.08,0.16} -1.78 {-1.99,-1.55} 1.48 2.11 2.86
2MASSJ16064385-1908056 (4) Upper Sco 10 K6 4086 0.82 {0.79,0.86} -0.53 {-0.56,-0.49} 0.18 0.28 0.36
2MASSJ16072625-2432079 (4) Upper Sco 10 M3.5 3305 0.25 {0.16,0.33} -1.35 {-1.55,-1.2} 4.78 6.98 9.23
2MASSJ16072747-2059442 (4) Upper Sco 10 M4.75 3027 0.09 {0.07,0.12} -1.89 {-2.07,-1.66} 1.12 1.59 2.17
2MASSJ16073939-1917472 (4) Upper Sco 10 M2 3561 0.45 {0.39,0.5} -1 {-1.09,-0.92} 0.17 0.25 0.33
2MASSJ16075796-2040087 (4) Upper Sco 10 M1 3722 0.57 {0.5,0.63} -0.83 {-0.92,-0.74} 6.17 9.24 11.93
2MASSJ16081566-2222199 (4) Upper Sco 10 M3.25 3359 0.29 {0.2,0.36} -1.27 {-1.45,-1.14} 0.33 0.49 0.65
2MASSJ16082324-1930009 (4) Upper Sco 10 K9 3985 0.75 {0.73,0.76} -0.6 {-0.63,-0.59} 9.92 15.01 19.22
2MASSJ16082751-1949047 (4) Upper Sco 10 M5 2982 0.08 {0.06,0.1} -1.99 {-2.13,-1.78} 0.43 0.61 0.83
2MASSJ16090002-1908368 (4) Upper Sco 10 M5 2982 0.08 {0.06,0.1} -1.99 {-2.13,-1.78} 0.98 1.38 1.90
2MASSJ16090075-1908526 (4) Upper Sco 10 K9 3985 0.75 {0.73,0.76} -0.6 {-0.63,-0.59} 10.86 16.44 21.04
2MASSJ16093558-1828232 (4) Upper Sco 10 M3 3407 0.33 {0.25,0.39} -1.2 {-1.35,-1.09} 0.23 0.34 0.44
2MASSJ16094098-2217594 (4) Upper Sco 10 M0 3898 0.69 {0.63,0.73} -0.67 {-0.74,-0.63} 0.11 0.16 0.20
2MASSJ16095361-1754474 (4) Upper Sco 10 M3 3407 0.33 {0.25,0.39} -1.2 {-1.35,-1.09} 0.29 0.42 0.55
2MASSJ16095441-1906551 (4) Upper Sco 10 M1 3722 0.57 {0.5,0.63} -0.83 {-0.92,-0.74} 0.13 0.20 0.25
2MASSJ16095933-1800090 (4) Upper Sco 10 M4 3191 0.16 {0.1,0.25} -1.55 {-1.78,-1.35} 0.28 0.40 0.54
2MASSJ16102857-1904469 (4) Upper Sco 10 M3 3407 0.33 {0.25,0.39} -1.2 {-1.35,-1.09} 0.22 0.32 0.42
2MASSJ16104636-1840598 (4) Upper Sco 10 M4.5 3078 0.1 {0.08,0.16} -1.78 {-1.99,-1.55} 0.86 1.23 1.67
2MASSJ16111330-2019029 (4) Upper Sco 10 M3 3407 0.33 {0.25,0.39} -1.2 {-1.35,-1.09} 1.61 2.37 3.11
2MASSJ16113134-1838259 (4) Upper Sco 10 K5 4210 0.9 {0.86,0.95} -0.44 {-0.49,-0.39} 189.53 288.83 367.72
2MASSJ16115091-2012098 (4) Upper Sco 10 M3.5 3305 0.25 {0.16,0.33} -1.35 {-1.55,-1.2} 0.24 0.35 0.46
2MASSJ16122737-2009596 (4) Upper Sco 10 M4.5 3078 0.1 {0.08,0.16} -1.78 {-1.99,-1.55} 0.26 0.37 0.50
2MASSJ16123916-1859284 (4) Upper Sco 10 M0.5 3815 0.63 {0.57,0.69} -0.74 {-0.83,-0.67} 1.50 2.25 2.90
2MASSJ16133650-2503473 (4) Upper Sco 10 M3.5 3305 0.25 {0.16,0.33} -1.35 {-1.55,-1.2} 0.32 0.47 0.62
2MASSJ16135434-2320342 (4) Upper Sco 10 M4.5 3078 0.1 {0.08,0.16} -1.78 {-1.99,-1.55} 3.65 5.22 7.06
2MASSJ16142029-1906481 (4) Upper Sco 10 M0 3898 0.69 {0.63,0.73} -0.67 {-0.74,-0.63} 9.73 14.67 18.84
2MASSJ16143367-1900133 (4) Upper Sco 10 M3 3407 0.33 {0.25,0.39} -1.2 {-1.35,-1.09} 0.41 0.60 0.79
2MASSJ16153456-2242421 (4) Upper Sco 10 M0 3898 0.69 {0.63,0.73} -0.67 {-0.74,-0.63} 2.81 4.24 5.44
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Name Source Region Age SpTy Teff Stellar Mass Log L∗ Mdust40 Mdust100 Mdust200
(Myr) (K) (M) (L) (M⊕) (M⊕) (M⊕)
2MASSJ16154416-1921171 (4) Upper Sco 10 K5 4210 0.9 {0.86,0.95} -0.44 {-0.49,-0.39} 4.94 7.53 9.59
2MASSJ16163345-2521505 (4) Upper Sco 10 M0.5 3815 0.63 {0.57,0.69} -0.74 {-0.83,-0.67} 0.72 1.08 1.39
2MASSJ16181904-2028479 (4) Upper Sco 10 M4.75 3027 0.09 {0.07,0.12} -1.89 {-2.07,-1.66} 2.43 3.45 4.71
2MASSJ16215466-2043091 (4) Upper Sco 10 K7 4020 0.78 {0.77,0.79} -0.58 {-0.58,-0.56} 0.11 0.17 0.21
2MASSJ16270942-2148457 (4) Upper Sco 10 M4.5 3078 0.1 {0.08,0.16} -1.78 {-1.99,-1.55} 1.39 1.99 2.69
2MASSJ16303390-2428062 (4) Upper Sco 10 M4 3191 0.16 {0.1,0.25} -1.55 {-1.78,-1.35} 0.25 0.36 0.48
2MASSJ15583692-2257153 (4) Upper Sco 10 G7 5294 1.31 {1.3,1.32} 0.17 {0.14,0.2} 26.16 40.99 51.23
2MASSJ16025123-2401574 (4) Upper Sco 10 K4 4384 1 {0.95,1.04} -0.32 {-0.37,-0.26} 0.01 0.02 0.03
2MASSJ16042165-2130284 (4) Upper Sco 10 K2 4710 1.14 {1.11,1.15} -0.14 {-0.17,-0.12} 38.72 59.82 75.41
2MASSJ16141107-2305362 (4) Upper Sco 10 K2 4710 1.14 {1.11,1.15} -0.14 {-0.17,-0.12} 0.84 1.30 1.64
usd155556 (5) Upper Sco 10 M6.5 2814 0.05 {0.04,0.05} -2.28 {-2.33,-2.21} 0.47 0.65 0.92
usd155601 (5) Upper Sco 10 M6.5 2814 0.05 {0.04,0.05} -2.28 {-2.33,-2.21} 1.70 2.36 3.31
usco128 (5) Upper Sco 10 M7 2770 0.04 {0.03,0.05} -2.33 {-2.39,-2.28} 1.45 2.00 2.81
usco55 (5) Upper Sco 10 M5.5 2911 0.06 {0.05,0.08} -2.13 {-2.21,-1.99} 0.30 0.43 0.59
usd161005 (5) Upper Sco 10 M7 2770 0.04 {0.03,0.05} -2.33 {-2.39,-2.28} 0.38 0.52 0.73
usd161939 (5) Upper Sco 10 M7 2770 0.04 {0.03,0.05} -2.33 {-2.39,-2.28} 0.68 0.94 1.32
Allers8 (5) Upper Sco 10 M3 3407 0.33 {0.25,0.39} -1.2 {-1.35,-1.09} 1.20 1.76 2.31
[PBB2002]J160545.4-202308 (6) Upper Sco 10 M2 3561 0.45 {0.39,0.5} -1 {-1.09,-0.92} 2.75 3.93 4.95
[PBB2002]J161420.3-190648 (6) Upper Sco 10 K5 4210 0.9 {0.86,0.95} -0.44 {-0.49,-0.39} 3.87 5.68 7.06
ScoPMS31 (6) Upper Sco 10 M0.5V 3815 0.63 {0.57,0.69} -0.74 {-0.83,-0.67} 1.25 1.81 2.26
[PBB2002]J160823.2-193001 (6) Upper Sco 10 K9 3985 0.75 {0.73,0.76} -0.6 {-0.63,-0.59} 9.41 13.71 17.09
[PBB2002]J160900.7-190852 (6) Upper Sco 10 K9 3985 0.75 {0.73,0.76} -0.6 {-0.63,-0.59} 5.29 7.70 9.60
[PZ99]J160421.7-213028 (6) Upper Sco 10 K2 4710 1.14 {1.11,1.15} -0.14 {-0.17,-0.12} 22.80 34.03 41.96
[PZ99]J161411.0-230536 (6) Upper Sco 10 K0 4871 1.19 {1.18,1.21} -0.06 {-0.08,-0.03} 1.13 1.70 2.09
J04213459 (1)UL Taurus 1 M5.5 2911 0.09 {0.06,0.12} -1.24 {-1.57,-1.06} <0.09 <0.12 <0.15
J04190110 (1)UL Taurus 1 M4.5 3078 0.16 {0.12,0.2} -0.86 {-1.06,-0.7} <0.06 <0.09 <0.12
V819 Tau (2)UL Taurus 1 K7 4020 0.65 {0.64,0.67} -0.01 {-0.02,0.01} <1.34 <2.03 <2.51
IRAS 04108+2910 (2)UL Taurus 1 M0 3898 0.56 {0.5,0.6} -0.11 {-0.17,-0.06} <8.11 <12.26 <15.14
VY Tau A (2)UL Taurus 1 M0 3898 0.56 {0.5,0.6} -0.11 {-0.17,-0.06} <1.57 <2.37 <2.93
IRAS 04187+1927 (2)UL Taurus 1 M0 3898 0.56 {0.5,0.6} -0.11 {-0.17,-0.06} <2.59 <3.91 <4.83
IRAS 04216+2603 (2)UL Taurus 1 M0.5 3815 0.5 {0.45,0.56} -0.17 {-0.25,-0.11} <8.41 <12.67 <15.64
DP Tau A (2)UL Taurus 1 M0.5 3815 0.5 {0.45,0.56} -0.17 {-0.25,-0.11} <1.63 <2.45 <3.02
JH 56 (2)UL Taurus 1 M0.5 3815 0.5 {0.45,0.56} -0.17 {-0.25,-0.11} <1.3 <1.96 <2.42
IRAS 04303+2240 (2)UL Taurus 1 M0.5 3815 0.5 {0.45,0.56} -0.17 {-0.25,-0.11} <2.55 <3.85 <4.75
DK Tau B (2)UL Taurus 1 M1 3722 0.45 {0.4,0.5} -0.25 {-0.32,-0.17} <0.51 <0.76 <0.94
CoKu Tau/3 A (2)UL Taurus 1 M1 3722 0.45 {0.4,0.5} -0.25 {-0.32,-0.17} <1.35 <2.03 <2.51
J04221675+2654570 (2)UL Taurus 1 M1.5 3637 0.4 {0.36,0.45} -0.32 {-0.38,-0.25} <1.93 <2.89 <3.57
CIDA 9 B (2)UL Taurus 1 M1.5 3637 0.4 {0.36,0.45} -0.32 {-0.38,-0.25} <1.23 <1.84 <2.27
JH 223 A (2)UL Taurus 1 M2 3561 0.36 {0.33,0.4} -0.38 {-0.43,-0.32} <1.27 <1.9 <2.34
GH Tau B (2)UL Taurus 1 M2 3561 0.36 {0.33,0.4} -0.38 {-0.43,-0.32} <1.64 <2.44 <3.01
V955 Tau B (2)UL Taurus 1 M2.5 3489 0.33 {0.29,0.36} -0.43 {-0.5,-0.38} <1.13 <1.67 <2.06
FV Tau/c A (2)UL Taurus 1 M2.5 3489 0.33 {0.29,0.36} -0.43 {-0.5,-0.38} <0.94 <1.4 <1.72
GN Tau B (2)UL Taurus 1 M2.5 3489 0.33 {0.29,0.36} -0.43 {-0.5,-0.38} <1.69 <2.51 <3.09
DP Tau B (2)UL Taurus 1 M2 3561 0.36 {0.33,0.4} -0.38 {-0.43,-0.32} <1.82 <2.71 <3.34
LkHalpha 267 (2)UL Taurus 1 M3 3407 0.29 {0.25,0.33} -0.5 {-0.58,-0.43} <4.28 <6.34 <7.81
CZ Tau A (2)UL Taurus 1 M3 3407 0.29 {0.25,0.33} -0.5 {-0.58,-0.43} <1.75 <2.6 <3.2
ITG 33A (2)UL Taurus 1 M3 3407 0.29 {0.25,0.33} -0.5 {-0.58,-0.43} <2.59 <3.84 <4.72
FV Tau/c B (2)UL Taurus 1 M3.5 3305 0.25 {0.2,0.29} -0.58 {-0.7,-0.5} <1.02 <1.51 <1.85
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Table 14 (continued)
Name Source Region Age SpTy Teff Stellar Mass Log L∗ Mdust40 Mdust100 Mdust200
(Myr) (K) (M) (L) (M⊕) (M⊕) (M⊕)
IS Tau B (2)UL Taurus 1 M3.5 3305 0.25 {0.2,0.29} -0.58 {-0.7,-0.5} <1.84 <2.71 <3.34
FQ Tau B (2)UL Taurus 1 M3.5 3305 0.25 {0.2,0.29} -0.58 {-0.7,-0.5} <1.02 <1.51 <1.85
XEST 26-071 (2)UL Taurus 1 M3.5 3305 0.25 {0.2,0.29} -0.58 {-0.7,-0.5} <3.04 <4.49 <5.53
FS Tau B (2)UL Taurus 1 M3.5 3305 0.25 {0.2,0.29} -0.58 {-0.7,-0.5} <5.2 <7.69 <9.46
Haro 6-28 B (2)UL Taurus 1 M3.5 3305 0.25 {0.2,0.29} -0.58 {-0.7,-0.5} <2.14 <3.17 <3.9
J04202606+2804089 (2)UL Taurus 1 M3.5 3305 0.25 {0.2,0.29} -0.58 {-0.7,-0.5} <2.29 <3.38 <4.15
J04231822+2641156 (2)UL Taurus 1 M3.5 3305 0.25 {0.2,0.29} -0.58 {-0.7,-0.5} <2.08 <3.08 <3.78
ITG 40 (2)UL Taurus 1 M3.5 3305 0.25 {0.2,0.29} -0.58 {-0.7,-0.5} <3.2 <4.73 <5.82
FO Tau B (2)UL Taurus 1 M3.5 3305 0.25 {0.2,0.29} -0.58 {-0.7,-0.5} <1.84 <2.71 <3.34
XZ Tau B (2)UL Taurus 1 M3.5 3305 0.25 {0.2,0.29} -0.58 {-0.7,-0.5} <1.22 <1.81 <2.23
CIDA 11 A (2)UL Taurus 1 M3.5 3305 0.25 {0.2,0.29} -0.58 {-0.7,-0.5} <1.63 <2.41 <2.97
HN Tau B (2)UL Taurus 1 M4 3191 0.2 {0.16,0.25} -0.7 {-0.86,-0.58} <1.31 <1.93 <2.37
IRAS 04173+2812 (2)UL Taurus 1 M4 3191 0.2 {0.16,0.25} -0.7 {-0.86,-0.58} <1.14 <1.67 <2.05
FX Tau B (2)UL Taurus 1 M4 3191 0.2 {0.16,0.25} -0.7 {-0.86,-0.58} <1.09 <1.61 <1.97
V410 X-ray 1 (2)UL Taurus 1 M4 3191 0.2 {0.16,0.25} -0.7 {-0.86,-0.58} <1.97 <2.89 <3.55
J04324938+2253082 (2)UL Taurus 1 M4.25 3133 0.18 {0.14,0.22} -0.78 {-0.96,-0.64} <1.37 <2.01 <2.47
J04322415+2251083 (2)UL Taurus 1 M4.5 3078 0.16 {0.12,0.2} -0.86 {-1.06,-0.7} <3.78 <5.51 <6.76
CIDA 11 B (2)UL Taurus 1 M4.5 3078 0.16 {0.12,0.2} -0.86 {-1.06,-0.7} <1.93 <2.81 <3.44
VY Tau B (2)UL Taurus 1 M4.5 3078 0.16 {0.12,0.2} -0.86 {-1.06,-0.7} <2.41 <3.51 <4.31
CoKu Tau/3 B (2)UL Taurus 1 M4.5 3078 0.16 {0.12,0.2} -0.86 {-1.06,-0.7} <1.93 <2.81 <3.44
J04554535+3019389 (2)UL Taurus 1 M4.75 3027 0.14 {0.1,0.18} -0.96 {-1.15,-0.78} <3.39 <4.91 <6.03
Haro 6-37 B (2)UL Taurus 1 M4 3191 0.2 {0.16,0.25} -0.7 {-0.86,-0.58} <3.28 <4.82 <5.92
CIDA 14 (2)UL Taurus 1 M5 2982 0.12 {0.09,0.16} -1.06 {-1.24,-0.86} <0.49 <0.7 <0.86
J04295950+2433078 (2)UL Taurus 1 M5 2982 0.12 {0.09,0.16} -1.06 {-1.24,-0.86} <2.41 <3.47 <4.25
KPNO 13 (2)UL Taurus 1 M5 2982 0.12 {0.09,0.16} -1.06 {-1.24,-0.86} <2.54 <3.66 <4.49
J04210795+2702204 (2)UL Taurus 1 M5.25 2943 0.1 {0.05,0.14} -1.15 {-1.49,-0.96} <2.03 <2.92 <3.57
J04210934+2750368 (2)UL Taurus 1 M5.25 2943 0.1 {0.05,0.14} -1.15 {-1.49,-0.96} <1.35 <1.93 <2.37
FR Tau (2)UL Taurus 1 M5.25 2943 0.1 {0.05,0.14} -1.15 {-1.49,-0.96} <11.22 <16.11 <19.74
J04362151+2351165 (2)UL Taurus 1 M5.25 2943 0.1 {0.05,0.14} -1.15 {-1.49,-0.96} <4.04 <5.79 <7.1
ITG 34 (2)UL Taurus 1 M5.5 2911 0.09 {0.06,0.12} -1.24 {-1.57,-1.06} <4.26 <6.09 <7.45
J04163911+2858491 (2)UL Taurus 1 M5.5 2911 0.09 {0.06,0.12} -1.24 {-1.57,-1.06} <1.96 <2.81 <3.44
GG Tau Ba (2)UL Taurus 1 M5.5 2911 0.09 {0.06,0.12} -1.24 {-1.57,-1.06} <5.53 <7.9 <9.68
St 34 C (2)UL Taurus 1 M5.5 2911 0.09 {0.06,0.12} -1.24 {-1.57,-1.06} <3.32 <4.75 <5.82
J04554801+3028050 (2)UL Taurus 1 M5.5 2911 0.09 {0.06,0.12} -1.24 {-1.57,-1.06} <6.95 <9.93 <12.16
J04214631+2659296 (2)UL Taurus 1 M5.75 2883 0.05 {0.05,0.1} -1.49 {-1.63,-1.15} <3.62 <5.1 <6.24
J04242646+2649503 (2)UL Taurus 1 M5.75 2883 0.05 {0.05,0.1} -1.49 {-1.63,-1.15} <2.77 <3.9 <4.77
J04554969+3019400 (2)UL Taurus 1 M6 2858 0.06 {0.05,0.09} -1.57 {-1.69,-1.24} <2.65 <3.73 <4.55
J04330945+2246487 (2)UL Taurus 1 M6 2858 0.06 {0.05,0.09} -1.57 {-1.69,-1.24} <2.54 <3.57 <4.36
MHO 5 (2)UL Taurus 1 M6 2858 0.06 {0.05,0.09} -1.57 {-1.69,-1.24} <8.79 <12.33 <15.07
J04201611+2821325 (2)UL Taurus 1 M6.5 2814 0.05 {0.04,0.06} -1.69 {-1.81,-1.57} <1.79 <2.49 <3.04
J04242090+2630511 (2)UL Taurus 1 M6.5 2814 0.05 {0.04,0.06} -1.69 {-1.81,-1.57} <1.5 <2.09 <2.56
JH 223 B (2)UL Taurus 1 M6 2858 0.06 {0.05,0.09} -1.57 {-1.69,-1.24} <2.62 <3.67 <4.49
CZ Tau B (2)UL Taurus 1 M6 2858 0.06 {0.05,0.09} -1.57 {-1.69,-1.24} <3.37 <4.72 <5.77
FU Tau A (2)UL Taurus 1 M7.25 2747 0.04 {0.03,0.04} -1.88 {-2.02,-1.75} <2.04 <2.81 <3.43
GG Tau Bb (2)UL Taurus 1 M7.5 2722 0.03 {0.03,0.04} -1.95 {-2.09,-1.81} <8.91 <12.23 <14.91
DH Tau B (2)UL Taurus 1 M7.5 2722 0.03 {0.03,0.04} -1.95 {-2.09,-1.81} <4.87 <6.68 <8.15
J04284263+2714039 B (2)UL Taurus 1 M7 2770 0.04 {0.03,0.05} -1.81 {-1.95,-1.69} <3.45 <4.78 <5.82
KPNO 7 (2)UL Taurus 1 M8.25 2644 0.02 {0.02,0.03} -2.15 {-2.26,-2.02} <3.84 <5.2 <6.33
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Table 14 (continued)
Name Source Region Age SpTy Teff Stellar Mass Log L∗ Mdust40 Mdust100 Mdust200
(Myr) (K) (M) (L) (M⊕) (M⊕) (M⊕)
J04290068+2755033 (2)UL Taurus 1 M8.25 2644 0.02 {0.02,0.03} -2.15 {-2.26,-2.02} <2.37 <3.21 <3.91
KPNO 6 (2)UL Taurus 1 M8.5 2619 0.02 {0.02,0.03} -2.21 {-2.31,-2.09} <3.72 <5.01 <6.1
J04414489+2301513 (2)UL Taurus 1 M8.5 2619 0.02 {0.02,0.03} -2.21 {-2.31,-2.09} <36.99 <49.9 <60.7
KPNO 12 (2)UL Taurus 1 M9 2570 0.02 {0.02,0.02} -2.31 {-2.38,-2.21} <3.5 <4.68 <5.69
FU Tau B (2)UL Taurus 1 M9.25 2548 0.02 {0.02,0.02} -2.35 {-2.41,-2.26} <2.88 <3.85 <4.68
ISO-Oph035 (3)UL Rho Oph 1 M6 2858 0.06 {0.05,0.09} -1.57 {-1.69,-1.24} <0.33 <0.47 <0.57
CRBR2322.3-1143 (3)UL Rho Oph 1 M6.5 2814 0.05 {0.04,0.06} -1.69 {-1.81,-1.57} <0.24 <0.34 <0.41
GY92-202 (3)UL Rho Oph 1 M7 2770 0.04 {0.03,0.05} -1.81 {-1.95,-1.69} <0.22 <0.3 <0.37
ISO-Oph164 (3)UL Rho Oph 1 M8 2670 0.03 {0.02,0.03} -2.09 {-2.21,-1.95} <0.43 <0.58 <0.71
GY92-320 (3)UL Rho Oph 1 M7.75 2696 0.03 {0.02,0.04} -2.02 {-2.15,-1.88} <0.2 <0.28 <0.34
ISO-Oph176 (3)UL Rho Oph 1 M7.5 2722 0.03 {0.03,0.04} -1.95 {-2.09,-1.81} <0.24 <0.33 <0.4
2MASSJ16102819-1910444 (4)UL Upper Sco 10 M4 3191 0.16 {0.1,0.25} -1.55 {-1.78,-1.35} <0.22 <0.32 <0.42
2MASSJ16031329-2112569 (4)UL Upper Sco 10 M4.75 3027 0.09 {0.07,0.12} -1.89 {-2.07,-1.66} <0.22 <0.31 <0.43
2MASSJ16001730-2236504 (4)UL Upper Sco 10 M4 3191 0.16 {0.1,0.25} -1.55 {-1.78,-1.35} <0.23 <0.33 <0.44
2MASSJ16111534-1757214 (4)UL Upper Sco 10 M1 3722 0.57 {0.5,0.63} -0.83 {-0.92,-0.74} <0.17 <0.26 <0.34
2MASSJ16070014-2033092 (4)UL Upper Sco 10 M2.75 3451 0.36 {0.29,0.42} -1.14 {-1.27,-1.05} <0.21 <0.31 <0.41
2MASSJ16151239-2420091 (4)UL Upper Sco 10 M4 3191 0.16 {0.1,0.25} -1.55 {-1.78,-1.35} <0.24 <0.35 <0.46
2MASSJ15562477-2225552 (4)UL Upper Sco 10 M4 3191 0.16 {0.1,0.25} -1.55 {-1.78,-1.35} <0.34 <0.49 <0.66
2MASSJ15570641-2206060 (4)UL Upper Sco 10 M4 3191 0.16 {0.1,0.25} -1.55 {-1.78,-1.35} <0.38 <0.55 <0.74
2MASSJ16101888-2502325 (4)UL Upper Sco 10 M4.5 3078 0.1 {0.08,0.16} -1.78 {-1.99,-1.55} <0.35 <0.5 <0.68
2MASSJ16083455-2211559 (4)UL Upper Sco 10 M4.5 3078 0.1 {0.08,0.16} -1.78 {-1.99,-1.55} <0.18 <0.26 <0.35
2MASSJ16052661-1957050 (4)UL Upper Sco 10 M4.5 3078 0.1 {0.08,0.16} -1.78 {-1.99,-1.55} <0.25 <0.36 <0.49
2MASSJ16064115-2517044 (4)UL Upper Sco 10 M3.25 3359 0.29 {0.2,0.36} -1.27 {-1.45,-1.14} <0.22 <0.33 <0.43
2MASSJ16053215-1933159 (4)UL Upper Sco 10 M5 2982 0.08 {0.06,0.1} -1.99 {-2.13,-1.78} <0.48 <0.68 <0.93
2MASSJ15521088-2125372 (4)UL Upper Sco 10 M4 3191 0.16 {0.1,0.25} -1.55 {-1.78,-1.35} <0.15 <0.21 <0.28
2MASSJ16070211-2019387 (4)UL Upper Sco 10 M5 2982 0.08 {0.06,0.1} -1.99 {-2.13,-1.78} <0.29 <0.41 <0.56
2MASSJ16084894-2400045 (4)UL Upper Sco 10 M3.75 3248 0.2 {0.12,0.29} -1.45 {-1.66,-1.27} <0.15 <0.22 <0.29
2MASSJ16130996-1904269 (4)UL Upper Sco 10 M4 3191 0.16 {0.1,0.25} -1.55 {-1.78,-1.35} <0.18 <0.26 <0.34
2MASSJ16145928-2459308 (4)UL Upper Sco 10 M4.25 3133 0.12 {0.09,0.2} -1.66 {-1.89,-1.45} <0.15 <0.21 <0.29
2MASSJ15572986-2258438 (4)UL Upper Sco 10 M4 3191 0.16 {0.1,0.25} -1.55 {-1.78,-1.35} <0.23 <0.34 <0.45
2MASSJ16055863-1949029 (4)UL Upper Sco 10 M4 3191 0.16 {0.1,0.25} -1.55 {-1.78,-1.35} <0.15 <0.22 <0.3
2MASSJ16060061-1957114 (4)UL Upper Sco 10 M5 2982 0.08 {0.06,0.1} -1.99 {-2.13,-1.78} <0.22 <0.31 <0.43
2MASSJ16181618-2619080 (4)UL Upper Sco 10 M4.5 3078 0.1 {0.08,0.16} -1.78 {-1.99,-1.55} <0.14 <0.2 <0.27
usd160603 (5)UL Upper Sco 10 M7.5 2722 0.03 {0.03,0.04} -2.39 {-2.45,-2.33} <0.3 <0.41 <0.58
[PZ99]J160357.6-203105 (6)UL Upper Sco 10 K5 4210 0.9 {0.86,0.95} -0.44 {-0.49,-0.39} <0.98 <1.43 <1.78
[PBB2002]J155624.8-222555 (6)UL Upper Sco 10 M4 3191 0.16 {0.1,0.25} -1.55 {-1.78,-1.35} <1.81 <2.5 <3.21
[PBB2002]J155706.4-220606 (6)UL Upper Sco 10 M4 3191 0.16 {0.1,0.25} -1.55 {-1.78,-1.35} <2.11 <2.92 <3.75
[PBB2002]J155729.9-225843 (6)UL Upper Sco 10 M4 3191 0.16 {0.1,0.25} -1.55 {-1.78,-1.35} <1.8 <2.49 <3.2
[PBB2002]J155829.8-231007 (6)UL Upper Sco 10 M3 3407 0.33 {0.25,0.39} -1.2 {-1.35,-1.09} <1.37 <1.93 <2.45
[PBB2002]J160357.9-194210 (6)UL Upper Sco 10 M2 3561 0.45 {0.39,0.5} -1 {-1.09,-0.92} <1.31 <1.87 <2.35
[PBB2002]J160600.6-195711 (6)UL Upper Sco 10 M5 2982 0.08 {0.06,0.1} -1.99 {-2.13,-1.78} <3.13 <4.21 <5.5
[PBB2002]J160622.8-201124 (6)UL Upper Sco 10 M5 2982 0.08 {0.06,0.1} -1.99 {-2.13,-1.78} <2.78 <3.74 <4.89
[PBB2002]J160702.1-201938 (6)UL Upper Sco 10 M5 2982 0.08 {0.06,0.1} -1.99 {-2.13,-1.78} <2.36 <3.18 <4.16
[PBB2002]J160900.0-190836 (6)UL Upper Sco 10 M5 2982 0.08 {0.06,0.1} -1.99 {-2.13,-1.78} <3.08 <4.14 <5.42
[PBB2002]J160953.6-175446 (6)UL Upper Sco 10 M3 3407 0.33 {0.25,0.39} -1.2 {-1.35,-1.09} <1.79 <2.53 <3.21
[PBB2002]J160959.4-180009 (6)UL Upper Sco 10 M4 3191 0.16 {0.1,0.25} -1.55 {-1.78,-1.35} <2.51 <3.48 <4.46
[PBB2002]J161115.3-175721 (6)UL Upper Sco 10 M1 3722 0.57 {0.5,0.63} -0.83 {-0.92,-0.74} <2.06 <2.96 <3.71
NOTE—References. (1) This study; (2) Andrews et al. (2013); (3) Testi et al. (2016); (4) Barenfeld et al. (2016); (5) van der Plas et al. (2016); (6) Mathews et al. (2013).
UL denotes upper limits calculated from sub-mm/mm non-detection.
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